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(54) Toner, toner production process, and image forming method 

(57) A toner for use in development of electrostatic latent images is disclosed. The toner has toner particles 
taming a binder resin, a colorant, a wax and a compound of Formula (A): 
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wherein R n and R 4 each represent a substituted or unsubstituled aromatic group, inclusive of a condensed ring- FU 
and R 3 each represent a hydrogen atom, an alkyl group, a substituted or unsubstituted aromatic group inclusive of a 
condensed ring; M represents an element selected from B, Ti, Fe, Co, Cr, Al and Ni; and X"* represents a cation The 
toner has the shape factors SF-1 and SF-2 with the specified range. Further, disclosed are a process for producing 
the toner and an image forming method using the toner. 
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Description 

BACKGROUND OF THE INVENTION 
s Field of the invention 

[0001] This invention relates to a toner and an image forming method which are used in recording processes such 
as electrophotography, electrostatic recording, magnetic recording and toner-jet recording. More particularly the 
present invention relates to a toner and an image forming method which are used in copying machines, printers and 
acsimde machines in winch toner images are previously formed on an electrostatic latent image bearing member and 
diSn^ the toner ^ tranS<er mediUmS ,0 f0rm imag6S The present inventi °n a'so provides a process for pro- 
Related Background Art 

is 

[0002] A number of methods are known as electrophotography. In general, final images are obtained by forminq an 
electrostatic latent image on a photosensitive member by utilizing a photoconductive material and by various means 
subsequently developing the latent image by the use of a toner to form a toner image as a visible image, transferrinq 
the toner image to a transfer medium, and then fixing to the transfer medium the toner image formed thereon by 
20 healing and/or pressing. ' ' 

[0003] As methods by which the electrostatic latent image is formed into a visible image, developing methods such 
as cascade development, magnetic brush development and pressure development are known in the art Another meth- 
od is also known in which, using a magnetic toner and using a rotary sleeve provided with a magnet at the core the 
magnetic toner .s caused to fly across the sleeve and a photosensitive member by the aid of an electric field ' 
[0004] One-component development systems require no carrier such as glass beads or iron powder required in two- 
component development systems, and hence can make developing assemblies themselves small-sized and light- 
weight. Also, since in the two-component development systems the concentration of toner in carrier must be keot 
constant, a device for detecting toner concentration so as to supply the toner in the desired quantity is required, resulting 
in a large size and weight for the developing assemblies. In the one-component development system, such a device 
is not requ.red, and hence the developing assemblies can also be made small and light as being preferable 
[0005] As printers LED printers or LBP printers are prevailing in the recent market. As a trend of techniques, there 
is a tendency toward higher resolution. More specifically, those which hitherto have a resolution of 300 or 600 dpi are 
being replaced by those having a resolution of 1,200 or 2,400 dpi. Accordingly, with such a trend, the developing 
systems are now required to achieve a high minuteness. Copying machines have also progressed to have higher 
unctions, and hence they trend toward digital systems. In this trend, chiefly employed is a method in which electrostatic 
latent images are formed by using a laser. Hence, the copying machines also trend toward a high resolution and like 
„L« n1 T' 11 haS b6en S ° UQht t0 provide a devel °P' n 9 system with higher resolution and higher minuteness ' 
[0006] Accordingly , in order to meet such a demand, a specific charge control agent is added so that Ihe desired 
riboelec r.c chargeability can be imparted to toner particles. Charge control agents nowadays known in the present 
technical field include, as those for controlling negative triboelectric chargeability, metal complex salts of monoazo 
dyes, metal complex salts of hydroxycarboxylic acids, dicarboxylic acids and aromatic diols, and resins containing acid 
components. As those for controlling positive triboelectric chargeability, they are known to include nigrosine dyes azine 
dyes, tnphenylmethane dyes, quaternary ammonium salts, and polymers having quaternary ammonium salts' in the 
side chains. 

«« [0007] Proposals have ever been made in regard to toners containing metal compounds of oxycarboxylic acids For 
example, Japanese Patent Application Laid-open No. 2-221967 discloses a toner containing a metal complex salt of 
an oxycarboxylic acid having an aromatic ring. Japanese Patent Application Laid-Open No. 5-61 257 discloses a toner 
comprising a toner precursor in which a boron compound of an oxycarboxylic acid has been embedded Japanese 
Patent Application Laid-Open Nos. 3-39973 and 5-72ei 2 discloses a toner containing a boroncomplex salt of benzilic 
acid. Japanese Patent Application Laid-Open No. 5-165257 discloses a color toner containing a boron complex salt 
of benzilic acid and an inorganic fine powder subjected to hydrophobic-treatment with silicone oil. Japanese Patent 
Application Laid-Open No. 6-301240 discloses a color toner containing a benzilic acid metal complex salt having an 
amide . as a counter ion. These toners were improved in their charging rate to a certain extent. However, these have 
such disadvantages that a sufficient quantity of triboelectricity cannot be imparted to the toner. 
[0008] In order to eliminate such a problem, Japanese Patent Application Laid-Open No. 10-90946 discloses a toner 
comprising toner particles in which a charge control agent such as a boron complex salt of benzilic acid has been 
added and fixed without being dried. Japanese Patent Application LaidOpen No. 10-312089 also discloses a toner 
using a boron complex salt of benzilic acid and a metal salt of a salicylic acid derivative in combination According to 



2S 



30 



3S 



40 



SO 



SS 



2 



t 



EP 0 962 832 A1 

studies of the present inventors, these toner can achieve an improvement in the quantity of triboelectricity and the 
chargmg rate to a certain extent. However, in the former case a complicated production process is required and in the 
latter case the use of a boron complex salt of benzilic acid and a metal salt of a salicylic acid derivative in combination 
results in inclusion of charge control agents presenting different triboelectric series. Thus, there has been room for 
further improvement in regard to triboelectric charge quantity distribution. Also, in the above toners, further reseaches 
have been required for matching themselves to image forming apparatus. 

SUMMARY OF THE INVENTION 

[0009] An object of the present invention is to provide a toner and an image forming method which have solved the 
problems the prior art has had. 

[0010] More specifically, an object of the present invention is to provide a toner and an image forming method which 
are superior in transfer performance and less in transfer residual toner. 

[0011] Another object of the present invention is to provide a toner and an image forming method which do not 
adversely affect the photosensitive member or intermediate transfer member, may less cause image deterioration such 
as fog and are highly applicable to electrophotographic processes. 

[0012] Still another object of the present invention is to provide a toner and an image forming method which are used 
for an electrostatic latent image bearing member having good reusability and slip properties, retaining such functions 
over a long period of time and less undergoing photosensitive member scrape even after printing many sheets to enjoy 
20 a long service life. " ' 7 

[0013] A further object of the present invention is to provide a toner and an image forming method which do not 
cause any abnormal charging or faulty images due to contamination of a member coming into pressure contacl with 
an electrostatic latent image bearing member, or can restrain such a phenomenon from occurring, and are well match- 
able to image forming apparatus. 

[0014] A still further object of the present invention is to provide a toner and an image forming method in which the 
performance of uniformly coating toner on a toner carrying member is enhanced. 

[0015] To achieve the above objects, the present invention provides a toner comprising toner particles containing at 
least a binder resin, a wax and a compound represented by Formula (A); 

the toner having shape ladors SF-1 and SF-2 with a value of 100 < SF-1 < 160 and a value of 100 < SF-2 s 140 
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wherein Ft, and R 4 each represent a substituted or unsubstituted aromatic group, inclusive of a condensed ring- R, 
and R 3 each represent a hydrogen atom, an alkyl group, a substituted or unsubstituted aromatic group, inclusive of a 
« ^r $ t d m9: M represen,s an elemem selected ,r °™ B, Ti, Fe, Co, Cr. Al and Ni; and X"* represents a cation 
10016] The present invention also provides a process for producing a toner, comprising; 

a granulation step of dispersing in an aqueous medium a polymerizable monomer composition containing at least 
a polymerizable monomer, a colorant, a wax. a polymerization initiator and a compound represented by Formula 
(A), to form particles of the polymerizable monomer composition; and 
s ° a polymerization step of polymerizing the polymerizable monomer present in the particles of the polymerizable 

monomer composition to form toner particles; 

the polymerization reaction of the polymerizable monomer from the granulation step to Ihe polymerization step 
being earned out while keeping the pH of the aqueous medium at 4.5 to 8.5. until the polymerization conversion 
of the polymerizable monomer comes to be 10% or more; and 
ss the toner having shape factors SF-1 and SF-2 with a value of 1O0 < SF-1 < 1 60 and a value of 100 < SF-2 <; 1 40. 
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wherein R 1 and R 4 each represent a substituted or unsubstituted aromatic group, inclusive of a condensed ring; 
R 2 and R 3 each represent a hydrogen atom, an alkyl group, a substituted or unsubstituted aromatic group, inclusive 
of a condensed ring; M represents an element selected from B, Ti, Fe, Co, Cr, Al and Ni; and X"+ represents a cation. 

[0017] The present invention still also provides an image forming method comprising; 

a charging step of applying a voltage to a charging member from the outside to charge an electrostatic latent image 
bearing member; s 

a latent image forming step of forming an electrostatic latent image on the electrostatic latent image bearing mem- 
ber thus charged; 

a developing step of developing the electrostatic latent image by the use of a toner to from a toner image on the 
electrostatic latent image bearing member; 

a transfer step of transferring the toner image formed on the electrostatic latent image bearing member, to a transfer 
medium with or without intervention of an intermediate transfer member; and 
a fixing step of heat-fixing the toner image transferred to the transfer medium; 

wherein the toner comprises toner particles containing at least a binder resin, a wax and a compound represented 
by Formula (A); and the toner has shape factors SF-1 and SF-2 with a value of 100 < SF-1 <; 160 and a value of 100 
< SF-2 < 1 40. 
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wherein R-, and R 4 each represent a substituted or unsubstituted aromatic group, inclusive of a condensed ring; Rj> 
and R 3 each represent a hydrogen atom, an alkyl group, a substituted or unsubstituted aromatic group, inclusive of a 
condensed ring; M represents an element selected from B, Ti, Fe, Co, Cr, Al and Ni; and X"- represents a cation. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0018] Fig. 1 shows an example of a gas chromatogram of an ester wax. 

[0019] Fig. 2 is a schematic illustration of an image forming apparatus suited for the present invention. 
[0020] Fig. 3 is an enlarged transverse cross -sectional view of the main part of a developing assembly for a two- 
component developer used in Examples of the present invention. 

[0021] Fig. 4 is an enlarged transverse cross-sectional view of the main part of a developing assembly for a one- 
component developer used in Examples of the present invention. 

[0022] Fig. 5 is an exploded perspective view of the main part of a fixing assembly used in Examples of the present 
invention. 

[0023] Fig. 6 is an enlarged transverse cross-sectional view of the main part showing how a film stands when a fixing 
assembly used in Examples of the present invention is not driven. 
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[0024] Fig. 7 is a diagrammatic illustration of an image forming method employing a contact one-component devel- 
ESTST 8 is aS ^TV an eXam P ,eS °< the *«*B methoo oMhe present ESS""* 

£°T 9 « d ' a 9rammatic illustration of an image forming method employing a contact one-component devel- 
op assembly, used as another example of the image forming method of the preint invention ^ 
SfS. 7rtB." ^ 6 crass - s ^tiona. view of a deve.oping assembly of the image forming apparatus shown 

Wan fSs 1 ?i a^h^ T tiC i " UStrati ° n ° f an ima9e formin9 Wralus which reuses untransferred toner. 
K 11 A and 11 B are d,agrammat,c Hlustrations of cross sections of toner particles in which a wax is em- 

St invention^ * VieW ° f 3 device for measurin 9 tha <* triboelectricity of toners, used in the 

EJ 2" il 3 ? 38 dia 9: ammatical| y illustra «* the state of blank areas caused in character images. 
[0031] Fig. 14 illustrates an .solated<lot pattern used to evaluate dot reproducibility. 



« DESCRIPTION OF THE PREFERRED EMBODIMENTS 
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[0032] The toner of the present invention contains at least a binder resin, a wax and 
compound represented by Formula (A). 

[0033] The compound represented by Formula (A) will be described below in detail. 



as a charge control agent, a 
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[0034] In the formula, R, and R 4 each represent a substituted or unsubstituted aromatic group inclusive of a con- 

*ZTJa^Z 3 ££:T SenX 3 r r ° 9 T at ° m ' 30 a ' kyl 9r ° UP ' 8 SUbM or unsuU^d aro^ gr^up, 
a cLTn COndensed m 9' ra P^sents an element selected from B, Ti, Fe, Co, Cr, Al and Ni; and X"* represents 

[0035] Stated specifically, the aromatic groups represented by R„ R 2 , R, and R, may include benzene and naoh 
thalene. The substitute of the aromatic groups may include an alkyl group, an arrik? grou an J'ZTo^n 
alkenyl group, an ary. group, a halogen atom, a nitro group, a cyano group, an amino glp and a hyd Sg^p^he 
2ftaS2S repreSented by *? and R 3 ma V includ * a ^hy. group, an ethyl group, a n-b'utyl group, I^S 
fpn ?h ^ m P ' a " ' S ? myl 9r ° UP ' 8 n<J0deCyl 9r0up ' a "-o^decyl group and a cyclohexyl group The elemeni 
represented by M may preferably include trivalent metate Cr, Al, Fe, Co, Ti and B. As the X- va7kT£organ!c catons 
and organic cat,ons may be used. The inorganic cations may include hydrogen ions and metal ions and S meS ions 

include ammonium ions, immium ions and phosphonium ions 

Sy. °' Cati ° nS ** eXempWied above " inor 9 anic c *>°™ ■« preferred in view of charging rate and charging 
[0037] Of the above organic cations, preferred are those represented by the following Formulas (B), (C), (D) and (E). 
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SutJd or . nThJff'^ > 6aCh r6preSen1 8 hydr ° 9en a, ° m ' a subst « u ted or unsubstituted alkyl group or a 
° f uns " bs, ""t«d aryl group, and Z, and Z 2 in Formulas (B), (C) and (D) each represent a non-metallic 

es wtth the nrtrogen a,om of ,he cation of each Formu,a !o ,orm a5 ^Cl 

o^un^nlcl 8 ^ 1 9r ° UP may ! nclude a meth >" 9roup, an ethyl group, an n-butyl group, a t-butyl group, an isopropyl 
group an ,soamyl group, an n-dodecyl group, an n-octadecyl group and acyclohexyl group. The aryl group maJhSS 
a phenyl group and an a-naphthyl group, and these alkyl groups may be substituted with a substSntTuch as an X 
9r0u .P' f H halo ^n atom, an alkoxy. group, a hydroxy. grou P; a cyano group oJanaryTg^ The 
I nTson^nr 2 y "? non - metallic ato ™ 9™P S "ec^sary to form heterocyclic rings such as a pyridine ring 
E£? 2 * nn9, 8 Pyrr ° le nn9, an imida2 ° ,e rin 9' a Pipeline ring and a pyrrolidine ring 9 ' 
thetLnonnH P S h th * C0 ™P 0 » n(i «P«8erted by Formula (A) are shown in Tables 1 and 2 below. In the following 
the compound number (No. ) is also used in common in Examples ioi.ow.ng, 

[0041] The compound represented by Formula (A), which is used as a charge control agent in the present invention 
-s read.ly obtained by, e.g., adding a compound represented by Formula (F) or (G) [wheS a t £ are a d2 
-n Formula (A)] ,n an aqueous solution of boric acid and an amine to carry out reaction. 4 
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[0042] When the toner is produced by polymerization, the compound represented by Formula (A) mav be added in 

E! 1 to 1 iS^ST!!? ^ f 0r Tl (A) ' in thS t0n6r com P° nente "suaily be in an amount of 
£V*n^™n™l 9 • ^ Pre,erab,y 0 6 10 5 ^ bV Wei9ht ' baSed on 100 P arts * of the 

n^Ltff LT °' th6 , K FOr T Ula ( f > com P° und <^ toner components in an amount less than 0.1 part by weight is 
not preferable because the effect of charging toner particles can not beobtained. Addition of theFormula , (A) coZound 

SETS 3 S 10 part ? y wei9ht resMs in a hi9h cost and is not p re,erabie t^S^ZS? 

[0045] The toner of the present invention has specific shape factors SF-1 and SF-2 ewpoim. 
SESL h, PreS6nt inVenti0ni ,h6 SF " 1 and SF " 2 each indica,in 9 the sha Pe ^efficient of the toner are valuos 
S S T V 1 00 ima96S ° f 2 ^ ° r ,ar9er ,0ner partic,e as ma 9 ntfied 1 •«» "me^i, e.g re! 

the data ac C o£, tot' h ' manufactured b V Nlkore <*»■> ^ough an interface to make analysis, and calculating 
the data according to the following express.on. The values thus obtained are defined as shape coeffic ent SF-1 SF 2 



SF-1 = (MXLNG) /AREA x n/4 x 100 
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SF-2 = (PERI ME) /AREA x V4n x 100 

pas and L ARPA P r entS T ^ ° f 3 PartiC ' e: PER,ME re P resents a P e "P^' 'ength of the 

particle, and AREA represents a projected area of the particle 

b^dd!?to n t!!r, ShaPe fa . C, ? rS ° f ,0ner PartiC ' eS are measured b V *» above method after any external additive has 

^^^Si^^sr the de9ree ° f sphericfty * a — — s !i 

[0049] If the shape factor ratio of the toner (SF-2)/(SF-1 ) is in a value more than 1 .0, faulty cleaning t ends to occur 
sh^ 

(snapeless), so that the toner particles tend to be pulverized in the developing assembly and to cause variations Q f 
reSUlt in 3 broad cha ^ d ^ribution. A shape facJ SF 2 of ITe ^ "^ ^ 

preferable because the toner image may be transferred in a low transfer efficiency when transferred from the Dho to 

EL TT ,endencies as stated above ma y be remarkable especially when a fulKolor copying machine in which a 
the turZ£Z™ 9e * d T IOPed and ,ran5,erred iS USed More s P ecifica,| y w "en a ful^ortmage is foled 
Problem ?£T, ^ ^ ^ t0 and a,S0 ' when the intermeddle transfer member u^ed 

quX f^ reSP6Ct ° f CO '° r ""^^ and C ° tor batenCe ' and * iS hard to «*» nigt 

\™2J n addit ? n ' "H 9 " 3 USUa ' amor P hous to n a r * used, mett-adhesion or filming of toner may occur on the pho- 
SrJTtt T^' SUrfaCe ° r intermediate ,ra n*fer member surface because of a shear force or ruling force actino 

£Z£ sssrsr mber and the c,eanin9 member and/or between - photose ^ ssseh 

faS SF Tand'^p" ?H der l ? a T th6Se Pr0b,emS ' ,he t0ner ° f tne present inve ntion may preferably have shape 
Lt°anTs^^ 

factors SF 1 an Tsf 2 «i r *. ™ £ 150 ^ 3 Va ' Ue ° f 100 < SF " 2 S 130 ' and s «» "ore Preferably shape 

[0053] The toner of the present invention can be prevented from melt-adhering to the toner carrying member due to 

SSKI^SS^ or a ,owerin9 of deve,opin9 efficiency " ^ ^ a 

crrcularrty frequency distribution of the toner as measured with a flow type particle image J^£££££ 

STLi Z m developing performance and transfer performance in a well balanced etaS 

be improved so as to match itself to image forming apparatus. 9 * 
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[0055] More specifically, when the toner is made to have an average circularity of from 0 920 to n qo* nroforoHh, 
T2J!"^ ° f 5 ' T ^ Pr6ferab,y fr ° m ° 970 10 ° "° in ltS C ^*«y 

a small particle d,ameter can greatly be improved in transfer performance, which has ever been difficu to S ^n332 

[0056] In the toner of the present invention, it is also possible to arbitrarily control the circularitv standi rteufat™ 
of c.rcularity frequency distribution of the toner. The circularity standard devS ma ^controlled to be S^Tn 
0.040, preferably less than 0.035, and more preferably from 0 015 to less man S 3? Th,™ I k f 
improvement in properties relating to developing perfomW ^ ^ b " n9 aboul 3 great 

S^S k A ton6 K haVin9 an aVerage drCUlarity less 1,18,1 a95 ° initscirc "'a"tyfrequencydistributbn maybe in acontent 
^"SSSS i™eS n9S ^ deVetoPmSm 6ffiCienCy ^ ^ f — ° * —-5 EE andTo 
[0058] The average circularity, the circularity standard deviation and the percent by number of the toner havino an 

f0 °f* 9 l J" 6 cirCLJlarit y and the ^quency distribution thereof referred to in the present invention are used as a simple 
method for expressing the shape o, toner quantitatively. ,n the present invention, they JESSES a flowZL 

ZSJ 5K35^£2r~ by Toa ,you Denshi KK - and the «SE 

Circularity = c ^cumferential length of a ci rcle with the same area as particle projecte d area 
Circumferential length of particle projected image 

SSs^SS C ti Ch f m , eans an avera 9 e value ° f cir ^'arity frequency distribution and circularity distri- 
bution SDc are calculated from the following expression where the circularity at a partition point i of particle size dis 
tr.but.on (a central value) is represented by ci, and the frequency by f. '«on point i ot particle size d.s- 



Average circularity c = J (cixf.) /\ (f . ) 

40 i = 1 i = 1 ° 
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Circularity standard deviation SDc = r m _ m-i ,\yz 

SJSLf 8 a , SPeCi ' iC r eaSUrinQ me,h ° d ' 10 m ' * ion - exc ^nged water from which impurity solid matter has been 

heTn Thereafter O^TcS T " ? IT" 1 3 «*" a ^ P"« a.kylbenzene sulfonateTadld 

n«r^n There3fter ' 002 9 of a sam P' e t0 be measured is further added therein, then uniformly dispersed As a dis- 

alloy tip is attached as a vibrator is used, and dispersion treatment is carried out for 5 minutes to oreoare a d ton^Z 

SSTtTT 1 - H r diSPGrSi0n ' S Wr** — ~ that its temperature £2 no "JZS ^2 ^ 

S£2 m ^^iTT d I" 6 abOV ° f ' OW ^ PartiC ' e im89e ana ' y2er - C — tratK.n ofthe disper- 
sion is again so adjusted that the toner part.cles are in a concentration of from 3,000 to 10,000 particles/ul at the time 
of measurement, and 1 ,000 or more particles are measured. After measurement the data cSainS are uld to o^ 
mjne a circle-corresponding diameter and circuity frequency distribution of the toner 

100651 0rder ,0 ,atth,U " y d6Vel °P minu,e te,ent <™9° ^ts to make image quality higher, the toner may preferably 
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have a weight-average particle diameter (D4) of from 4 to 9 u.m and acoefficient of variation A in number distribution 
of 30% or less, and may more pref erabV have a coefficient of variation A of 25 or less. Also, a toner fine powder having 
particle diameters of 4.00 jim or smaller in number distribution may preferably be in a content not more than 25% by 
number, and more preferably not more than 20% by number. Controlling toner particle size distribution in such a manner 
as described above allows the toner particles to have good powder characteristics. Accordingly, when the compound 
represented by Formula (A) according to the present invention is added and used in the toner, a very good charging 
performance can be exhibited. If the toner has a weight-average particle diameter smaller than 4 urn or the toner fine 
powder is in a content more than 25% by number, its fluidity may lower when toner particles are loaded and hence it 
tends to become difficult for the toner to be triboelectrically charged uniformly, causing uneven image density or image 
fog, or a decrease in image density. Transfer efficiency may also lower, and hence this not only can be a<:ause of 
uneven image density, but also may result in an increase in transfer residual toner on the surface of the photosensitive 
member or intermediate transfer member, undesirably resulting in an increase in a load on the image forming apparatus 
If on the other hand the toner has a weight-average particle diameter larger than 1 0 jim, the minute latent imaqe dots 
may no longer faithfully be reproduced. 
is [0066] In the past, the use of toner particles having such a small particle diameter have often caused problems 
concerning the charging performance of toners. However, when the compound represented by Formula (A) according 
to the present invention is added in the toner, the toner can be more improved in uniform charging performance and 
charging stability. ' 

[0067] The particle size distribution of the toner may be measured by various methods. In the present invention it 
is measured with a Coulter counter Model TA-II or Coulter Multisizer (both manufactured by Coulter Electronics, Inc ) 
as a measuring device. As an electrolytic solution for measurement, an aqueous 1% by weight NaCI solution of first- 
grade sodium chloride is prepared and used, or commercially available ISOTON R-ll (trade name, manufactured by 
Coulter Scientific Japan Co.) may be used. Measurement is carried out by adding as a dispersant 0 1 to 5 ml of a 
surface active agent, preferably an alkylbenzene sulfonate, to 100 to 150 ml of the above electrolytic solution, and 
further adding 2 to 20 mg of a sample to be measured. Next, the electrolytic solution to which the measuring sample 
has been added is subjected to dispersion for about 1 minute to about 3 minutes in an ultrasonic dispersion machine 
Using an aperture of 1 00 urn in the above particle size distribution measuring device, the volume and number of toner 
particles are measured for each channel, and the volume distribution and n umber distribution of the toner arecalculated 
and the weight-average particle diameter (D4) of the toner is determined from that volume distribution, and the number- 
average particle diameter (D1) and standard deviation (S) from that number distribution. 

[0068] As measuring channels, the following 1 3 channels are set: 2.00 to less than 2.52 urn, 2 52 to less than 3 17 
urn, 3.17 to less than 4.00 um 4.00 to less than 5.04 urn, 5.04 to less than 6.35 urn, 6.35 to less than 8 00 um 8 00 
to less than 10.08 u^n, 10.08 to less than 12.70 urn, 1 2.70 to less than 16.00 urn, 16.00 to less than 20 20 u^n 2020 
to less than 25.40 um 25.40 to less than 32.00 urn, and 32.00 to less than 40.30 urn. The middle value of each channel 
is used as the representative value of each channel for calculating the particle size distribution. 
[0069] The coefficient of variation A of number distribution of the toner is calculated according to the followina ex- 
pression. a 

[0070] Coefficient of variation A = [S/D1] x 100 wherein S represents a value of standard deviation in the number 
distribution of toner particles, and D1 represents number-average particle diameter frim) of the toner particles 
40 [0071] The binder resin used in the toner according to the present invention may preferably have a low-molecular 
weight peak ranging from 3,000 to 150,000 in GPC molecular weight so that the shape of toner particles produced by 
pulverization can be controlled by thermomechanical impact force. 

[0072] If the binder resin has a low-molecular weight peak at more than 150,000, it may be difficult to control the 
shape factors SF-1 and SF-2 within the range of the present invention, resulting in insufficient improvement of transfer 
efficiency. If the peak is at less than 3,000, melt-adhesion tends to occur. 
[0073] Molecular weight is measured by GPC (gel permeation chromatography). As a specific method for measure- 
ment by GPC, a sample obtained by beforehand subjecting the toner to extraction with a THF (tetrahydrof uran) solvent 
for 20 hours by means of a Soxhlet extractor. As column constitution, A-801, A-802, A-803, A-804, A-805, A-806 and 
A-807, available from Showa Denko K.K.. are connected, and the molecular weight distribution is measured using a 
50 calibration curve of standard polystyrene resin. 

[0074] The binder resin used in the toner according to the present invention may preferably have a ratio of weight- 
average molecular weight (Mw) to number-average molecular weight (Mn), Mw/Mn, of from 2 to 100. 
[0076] The binder resin used in the toner may preferably have a glass transition point Tg of from 40°C to 75°C and 
more preferably from 52°C to 70°C, in view of fixing performance and storage stability. 

[0076] The glass transition point Tg of the binder resin used in the toner according to the present invention is meas- 
ured by, e.g., using a differential scanning calorimeter of a highly precise, inner-heat input compensation type such 
as DSC-7, manufactured by Perkin Elmer Co. It is measured according to ASTM D34T8-82. The temperature of a 
sample is once raised to take a previous history and thereafter dropped rapidly Then, the temperature is again raised 
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at a temperature rise rate of 10°C/min within the temperature range of O to200'C. The DSC curve thus measured is 
used in the present invention. 

[0077] In general, in the toner having the particle size distribution as previously described, the state of charging is 
unrfomned as the particle shape is uniformed, but the quantity of triboeiectricity tends to decrease with a decrease in 
surface area. Since, however, the toner of the present invention contains the compound represented by Formula (A) 
the changed state of the toner can be improved without lowering the quantity of triboeiectricity. 
[0078] The binder resin used in the present invention may be any of those used in the production of toners and there 
are no particular limitations. As examples of the binder resin used in the present invention, named are homopolymers 
of polymerizable monomers shown below, or mixtures of homopolymers of the polymerizable monomers, or copolymers 
of two or more of the polymerizable monomers. Stated more specifically, styrene-acrylic acid type copolymers or sty- 
rene-methacrylic acid type copolymers are preferred. 

[0079] Styrene type polymerizable monomers may include, e.g., styrene, and styrene derivatives such as o-methyl- 
styrene, m-methylstyrene, p-methylstyrene, p-methoxystyrene, p-phenylstyrene, p-chlorostyrene, 3,4-dichlorostyrene 
p-ethylstyrenee, 2,4-dimethylstyrene. p-n-butylstyrene, p-tert-butylstyrene, p-n-hexystyelene, p-n^tylstyrene p-n- 
is nonylstyrene, p-n-decylstyrene and p-n-dodecylstyrene. 

[0080] Acrylatetype polymerizable monomers may include, e.g., acrylic esters such as methyl acrylate, ethyl aciy late 
n-butyl acrylate, isobutyl acrylate. propyl acrylate, n-octyl acrylate, dodecyl acrylate, 2-ethylhexyl acrylate, stearyl acr- 
ylate, 2-chloroethyl acrylate and phenyl acrylate. Methacrylate type polymerizable monomers may include e g , a- 
methylene aliphatic monocarboxylic esters such as methyl methaciylate, ethyl methacrylate, propyl methacrylate n- 
butyl methacrylate, isobulyl methacrylate, n^tyl methacrylate, dodecyl methacrylate, 2-ethylhexyl methacrylate 

m , e,hacr y |ate - P nen y' methacrylate, dimethylaminoethyl methacrylate and diethylaminoethyl methacrylate 
[0081] In order to adjust fixing temperature of the toner, the binder resin used in the present invention may preferably 
contain a cross-linkable polymerizable monomer as exemplified below. 

[0082] As the cross-linkable polymerizable monomer, a polymerizable monomer having at least two polymerizable 
double bonds may be used. Specific examples include aromatic divinyl compounds as exemplified by divinylbenzene 
and divinylnaphthalene; diacrylale compounds linked with an alkyl chain, as exemplified by ethylene glycol diacrylate 
1,3-buty ene glycol diacrylate, 1 ,4-butanediol diacrylate, 1,5-pentanediol diacrylate, 1 ,6-hexanediol diacrylate, neo- 
pentyl glycol diacrylate, and the above compounds whose acrylate moiety has been replaced with methacrylate- dia- 
cry ate compounds linked with an alkyl chain containing an ether linkage, as exemplified by diethylene glycol diacrylate 
l?o^ ene 9 y d,acf y |ate ' methylene glycol diacrylate, polyethylene glycol #400 diacrylate, polyethylene glycol 
#600 diacrylate. d.propylene glycol diacrylate, and the above compounds whose acrylate moiety has been replaced 
wrth mtfhacrylate; diacrylate compounds linked with a chain containing an aromatic group and an ether linkage as 
exemplified by polyoxyethylene(2)-2.2-bis(4-hydroxyphenyl)propane diacrylate, polyoxyethylene(4)-2,2-bis(4-hydrox- 
yphenyl)propane diacrylate, and the above compounds whose acrylate moiety has been replaced with methacrylate 
and also polyester type diacrylate compounds as exemplified by MAN DA (trade name; available from Nippon Kayakii 
L i I P °W uncUona{ cross-linking agents may include pentaerythritol triacrylate, trimethyblethane triacrylate tri- 
methylolpropane triacrylate, tetramethylolpropane triacrylate, tetramethylolmethane tetraacrylate, oligoester acrylate 
and the above compounds whose acrylate moiety has been replaced with methacrylate; triallylcyanurate, and triallyltri- 

^ [0083] Any of these cross-linkable polymerizable monomers may preferably be used in an amount of 1 part by weight 
or less based on 100 parts by weight of other polymerizable monomer components, whereby not only low4emperature 
I™? erf ° rmance and an,i -° ff set properties can well be satisfied but also the storage stability of toneroan be improved 
[0084] Of these cross-linkable polymerizable monomers, preferred is the use of aromatic divinyl compounds (in par- 
ticular, divinylbenzene) and diacrylate compounds linked with a chain containing an aromalic group and an ether link- 
age, any o which may be used in an amount ranging from 0.001 to 0.05 part by weight based on 100 parts by weight 
of other polymerizable monomer components. Thus, even when toner particle diameter is made finer, developers can 
r™* 3 St f developin 9 P ert °rmance in any environment, and also can be improved in running performance 
[0085] To obtain the binder resin used in the present invention, it is preferable to use a polymerization initiator as 
exemplified below. 

so [0086] Stated specifically, usable are organic peroxides such as di-t-butyl peroxide, dicumyl peroxide, benzoyl per- 
oxide, t-butylperoxy-2-ethylhexanoate and t-butylperoxybenzoate; and azo and diazo compounds such as azobisbu- 
tyronrtrile, diazoaminoazobenzene, 2,2'-azobi S -2-methylbutyronitrile. 2,2'-azobis(2-amidinobutane) dihydrochloride, 
™^ 1 S( 2 - 4 ; d ' me,n y |valeronitrile ). anddimethyl-2,2'-azobis(2-methylpropylate)(dimethyl-2,2--azobisisobutyrate). 
[0087] Any of these polymerization initiators may be used alone or in combination, and may be used in an amount 
of from 0 05 to 20 parts by weight, and more preferably from 0.5 to 10 parts by weight, based on 1 00 parts by weight 
of the polymerizable monomers. 

[0088] In the present invenlion, the binder resin described above may be used in combination with a resin having a 
polarrty (here.nafter "polar resin") such as poVester resin or polycarbonate rasin. The addition of a polar resin in the 
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toner brings about an improves a state of the compound of Formula (A) contained in the toner, and the charging 
performance can be improved. a 

[0089] For example, when the toner is directly produced by suspension polymerization described later, such a polar 
resin may be added during polymerization reaction from a dispersion step to a polymerization step, thus, the formation 

ZSHXTl ^ be rt SO l COntr0 u" ed thS POlar feSin added f "«* thin on the surfa «* * toner parties or 
1™ thetonerp f lcleswrthaaradationf ^their surfaces tocores. in accords 

shown by a toner part,cle-form.ng poVmerizable monomer composition and an aqueous dispersion medium Here a 
polar resin that may mteract with the compound represented by Formula (A) may be used whereby a sSteof the 
compound present ,n the toner can be made into a desirable form. In particular, the presence state of the compound 

t y con,rolled a P olar resin h^ing an acid value of from 1 to 20 mg KOH/g is used 
fW2 J/!f P T f ' eSin m 5 P referab| y 06 "sed in an amount of from f to 25 parts by weight, and more preferably 
n^K „?i V We ' 9ht ' baS8d °" 100 P3rtS by Wei9ht of the binder resin - Wher > in an amount less than 1 
mlZf? " *\ preSence S ' ate of the P° lar rasin in the may be non-uniform, and when used in an amount 

IS^ZST * W ?^ he I"*" ^ ° f P ° lar r6Sin ,0rTned °" ,he toner ? article surfaces ma V ba Hence, 
n both instances, it may be drff.cult to control the presence state of the compound represented by Formula (A) so tha 
the polar resin can not sufficiently exhibit its function. 

[0091] A typical polyester resin used as the polar resin has the following composition 

ITk J , A " a I C o h ° l com P° nent of tne Polyester resin may include ethylene glycol, propylene g^col, 1,3-butanediol 
2 eihwiT^h h^ 3 "^' 0 '' cliethv,ene 9 lvco1 - triethylene glycol, 1 ,5-pentanediol, 1 ,€-hexanediol, neopentyl glyco 
2-ethyM 3-hexaned,ol, hydrogenated bisphenol A, a bisphenol derivative represented by the following Formula 
and a diol represented by the following a ro,mu,a < a > 

Formula ( b ) : 

CH, 
/ 3 

H~ ( OR ).-0-<g>~C-<g>-0- ( RO ) y H ( a ) 

CH 3 "* :: '^~=-^= 



Tairs x r y p ethy,ene 9roup ^ 

H-0R'-0~^>-0-R'0-H (b) 

wherein R" represents -CH 2 CH 2 -, 

CH 3 CH 3 

I \ 
-CH 2 CH-, or -CH,-C- . 

\ 

CH, 



[0093] It is a preferred embodiment of the present invention to use a reactive polyester resin or a polycarbonate resin 

foo an d ^: eS,n - 3 r6Sin " USed ' the ,0ner Ca " be im P f0Ved in chaf 9 in « Performance, the image 

STrlT? ar ° U " d '', ne ,ma9eS 080 be bener Panted, and also high-grade images having superior dot reprodu^ 
n nl . * 11 " P ° SSible l ° impaft an a PP r °P riate mechanical strength to the toner particles, so that any 

nfluence of toner defeneration ascribable to image forming apparatus can be confined to a minimum, bringing about 
mprovements m runn.ng performance against printing on a large number of sheets and in the matching to image 
i h rr 9 H aPP K T ' f u detai,ed ,ater Moreover - when toner particles are treated to be more spherical so that the 
shape distribution of the toner as described previously can be achieved or when the toner is directly produced by 
suspension polymerization, any influence from toner production steps such as dryingcan be confined to a minimum 
Also, the polar resm may be used in a combination of two or more kinds, and the chargeability inherent in themselves 
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can be utilized. 

[0094] The reactive polyester resin used in the present invention includes condensation polymers having a reactive 
group in the backbone or side chain, which can be obtained by condensation potymerization of a polybTsfc aSd wrth 
a polyhydnc alcohol; the polybasic acid including terephthalfc acid, isophthalic aJd. adipic acid, mateb S ^uccTn c 

acid" cotnh^L; i IOdi f a ? di9 ' yCO,iC add ' ma '° niC ackl - 9lUteriC «* P ime » c ™« S S 
olJl. Sin , ' 7? n«"carboxylic acid and trimeHitic acid; and the polyhydric ateohol including ethylene 

^t'nS y 7 k V) r^ 6 ^" 6 ' 1 ' 4 - bis (2-hydrox y ethyl)ben2ene, 1 .4-cyclohexanedimethanol. polyethylene gly 
col. polypropylene glycol, b.sphenol A. hydrogenated bisphenol. an ethylene oxfcie addition product of btaJSS A a 
propylene ox.de add.t.on product of bisphenol A. glycerol, trimethylolpropane and pentaerythritol The reactive qrouo 
may be exemplified by carboxylic acid (or a salt thereof), sulfonic acid (or a sa.t thereof), ethylenelnino 35? ££ 

ESZZZ^JT* h 'r 16 ^ 30 3Cid 3nhydride and 3 ha '° 9en a, ° m - This reactive Polyester rSin mS 
be allowed to react wrth each other, or react with a polyfunction^ cross-linking agent (e.g.. polyhydric alcohols and 

po.ybas,c acdsj.orthereactivepolyesterresinmayfurtherbealiowedto react w^hLiny monomeTg este^a t ^ 
or copolymenzation) to obtain THF-insolub.e matter. For example, when the toner is obtained by pofymer za«on Z 
tlona n:L P r o fa r c r S n s IT * ** *" M -^-erized with 

ot a cross . linking agent such as ajvjnylbenzene) ln such a unsaturat ^ polyesler r s, 

srs?iE2;jr"T to T r icini,y of toner partfc,e surfaces ^ pr ° 9ress * ^^00 to Et*zm 

StSfSwJSL S ' " POSSib ' e t0 ^ 3 t0nSr haVi " 9 6SpeCia,,y SUperi ° r btockin 9 ^ance and 

[0095] In the present invention, any resin may be used as the reactive polyester resin so long as it contain one of 
nthTc^ITr ^ 

in the cross-linking react,on may consequently be present on the toner particle surfaces to cause a lowering of blocWno 

oXriTH-" T G Z my{ m0n ° mer " ^ ,0ner iS ° btain6d in PoVmerization method, making the production 
of toner difficutt. Accordingly, the reactive polyester resin may preferably have a weight-average molecular weight of 

a Y% T Ut 2 °°' 000 ° rder ,0 ° btain 3 ,0ner havin 9 "P-** su P e ^ Performances. 9 
[0096] As for the polycarbonate resin used the present invention, a polycarbonate resin having in its molecular struc- 
ture a repeating unit represented by the following Formula (I) may preferably be used. molecular struc- 



35 




(I) 



wherein R represents an organic group. 

[0097] The repeating unit represented by the above Formula (I) includes those having various structures All known 
«> polycarbonates produced by. e.g.. allowing divalent phenols to react with carbonate precursors by^soSon proems 
orame.tingprocess.For example, it mayinc.ude polymers having a repeating unit represented by ^ 



45 



SO 



aw. 



II 
o 



(II) 



55 



wherein Rg represents a hydrogen atom, an aliphatic hydrocarbon group or an aromatic substituent m represents an 

Tasini b ond T TTW p,ura,rty ' they ^ bethe 88016 or different; and z represents a 

by a single bond, an aliphatic hydrocarbon group, an aromatic substituent. or -S-. -SO-. -SCfe-. -O- or ^O- linkage. 
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[0098] This polycarbonate resin is available from various routes. Usually it can readily be produced by allowing ; 
divalent phenol represented by any of Formulas (III) to (V): 



art- (IV) 

(OH)* 



[ 




CR*)s»CR*>m 



2_ 

•4— COH)x 



wherein R 2 , m and Z are as defined above; to react with a carbonate precursor such as phosgene or a carbonate 
compound. More specifically, it can be produced by, e.g., allowing the divalent phenol to react with a carbonate precursor 
such as phosgene or subjecting the divalent phenol and a carbonate precursor such as diphenyl carbonate to trans- 
esterification, in a solvent such as methylene chloride in the presence of a known acid acceptor or molecular weight 
modifier. 

[0099] The divalent phenols represented by the above Formulas (III) to (V) may include various ones, for example, 
2,2-bis(4-hydroxyphenyl)propane (commonly called "bisphenol A"), dihydroxyarylalkanes such as bis(4-hydroxyphe- 
nyl)methane, bis(4-hydroxyphenyl)phenylmethane, bis(4-hydroxyphenyl)naphthylmethane, bis(4-hydroxyphenyl)- 
<4-isopropylphenyl)methane, bis(3,5-dimethyl-4-hydroxyphenyl)methane, 1 ,1-bis(4-hydroxyphenyl)ethane, 1-naph- 
thy M , 1 -bis(4-hydroxyphenyl)ethane, 1 -phenyM , 1 -bis(4-hydroxyphenyl)ethane, 1 ,2-bis(4-hydroxyphenyl)ethane, 
2-methyl- 1 , 1 -bis(4-hydroxypheny l)propane, 2,2-bis(3,5-dimethyl-4-hydroxypheny l)propane, 1 -ethyl-1 , 1 -bis(4-hydrox- 
yphenyl)propane, 2,2-bis(3-methyl-4-hydroxyphenyl)propane, 1 ,1 -bis(4-hydroxyphenyl)butane, 2,2-bis(4-hydroxy- 
phenyl)butane, 1 ,4-bis(4-hydroxyphenyl)butane, 2,2-bis(4-hydroxyphenyl)pentane, 4-methyl-2,2-bis(4-hydroxyphe- 
nyl)pentane, 1 ,1 -bis(4-hydroxyphenyl)cyclohexane, 2,2-bis(4-hydroxyphenyl)hexane, 4,4-bis(4-hydroxypheny!)hep- 
tane, 2,2-bis(4-hydroxyphenyl)nonane, I,l0-bis(4-hydroxyphenyl)decane and 1,1-bis(4-hydroxyphenyl)cyclodecane; 
dihydroxyafylsulfones such as bis(4-hydroxyphenyl)sulfone and bis(3,5-dimethyl-4-hydroxyphenyl)sulfone; dihy- 
droxyaryl ethers such as bis(4-hydroxyphenyl) ether and bis(3,5-dimethyl-4-hydroxyphenyl) ether; dihydroxyaryl ke- 
tones such as 4,4'-dihydroxybenzophenone and S.^S.SMetramethyM^'-dihydroxybenzophenone; dihydroxyaryl 
sulfides such as bis(4-hydroxyphenyl) sulfide, bis(3-methyl-4-hydroxyphenyl) sulfide and bis^.S-dimethyl-A-hydroxy- 
phenyl) sulfide; dihydroxyaryl sulfoxides such as bis(4-hydroxy phenyl) sulfoxide; dihyroxydiphenyls such as 4,4'-dihy- 
droxydiphenyl; dihyroxybenzenes such as hydroquinone, resorcinol and methylhydroquinone; and dihyroxy naphtha- 
lenes such as 1,5-dihydroxynaphthalene and 2,6-dihydroxynaphthalene. These divalent phenols may be used alone 
or in combination. 

[01 00] The carbonate compound may include diaryl carbonates such as diphenyl carbonate, and dialkyl carbonates 
such as dimethyl carbonate and diethyl carbonate. 

[0101] The polycarbonate resin used in the present invention may be used in the form of a homopolymer making 
use of one of these divalent phenols, a copolymer making use of two or more of them, or a blend of any of these. It 
may also be a thermoplastic random-branched polycarbonate resin obtained by allowing a polyfunctional aromatic 
compound to react with the above divalent phenol and/or carbonate precursor. 

[0102] In order to control the glass transition temperature or viscoelasticity of the polycarbonate resin, a modified 
polycarbonate resin may also preferably be used which has such a form that part of the above divalent phenol has 
been substituted with a polyhydric alcohol such as ethylene glycol, diethylene glycol, Methylene glycol, 1 ,2-propytene 



13 



EP 0 962 832 A1 



" PfOPy f? 9 ' yC01, 1 - 4 - butanediol > neopentyl glycol, 1 ,4-bis(hydroxym e thyl)cyclohexane. 1 ,4-bis<2-hydrox- 
It^TiZt'J y ^ eXane T ethan ° l P 0 ^ 61 ^ 16 " 6 9^°'- P^'ene glycol, hydrogenated bisphenol A or a 
denvatwe thereo an ethylene ox.de addition product of bisphenol A. a propylene oxide addition product of bisphenol 
A. glycerol, tr.methylolpropane or pentaerythritol. In this instance, it may be produced by simply substituting pari of the 
d^alent pheno and by the above process. As another example of the production process, a method may be used in 
wh.cn the divalent phenol .s reacted with an aliphatic or aromatic bischloroformate in a methylene chloride solvent 
using pyridine as a catalyst. Of course, it may be synthesized by any production process other than these 

Z ^SJUl T Snt nVenti ° n ' 38 the P°'y carbonate resin . » * also possible to use a block copolymer of the above 
polycarbonate wrth a polymer such as polystyrene, styrene-acrylic or methacrylic copolymer, polyester, polyurethane 
IT"' polyamide ' P°^ulfone, polycyanoaryl ether or polyarylene sulfide, and a graft-modSfiedcopoh 

ymer obtained by grafting an alkyl acrylate or methacrylate monomer, an acrylic or methacrylic acid monomer, a maleic 
acid monomer or a styrene monomer. 

1 ^ ere are no Particular limitations on the molecular weight of the polycarbonate resin used in the present 
000 to ^no^ 16 ^ T, ay ; preferab| y be those havin 9 a secular weight within the range of from 

lo^r than I , h 6 6 ? bly f ^ 2,000 10 100 ' 000 ' 35 measured * GPC - lf the P eak molecular weight is 
tower than 1.000 the resin may adversely affect the charging performance, and if it is higherthan 500,000, the resin 
may have so h.gh a melt viscosity as to cause a problem in fixing performance in some cases. Also, when the poly- 
carbonate resin used in the present invention is produced, an appropriate molecular weight modifier, a branching agent 
or improving v.scoelasticity. a catalyst for accelerating reaction and so forth may be used as occasion calls 
[01 05] The polar resin as described above is by no means limited to one type of polymer for each case. For example 
two or more types of reactive polyester resins may simultaneously be used, or two or more types of vinyl monomers 
may be used. Polymers of quite different types may also optionally be added to the binder resin, as exemplified by 
polymers such as polyester resins having no reactivity, epoxy resrns, polycarbonate resins, polyolefins, polyvinyl ac- 
etate polyviny.chlonde, polya.kyl vinyl ethers, polyalkyl vinyl ketones, r^lystyrene, polyacrylareormethac^laVe, mela- 
mme formaldehyde resin, polyethylene terephthalate, nylons and polyurethanes 

[0106] As colorants used in the present invention, any of those known in the art may be used. Stated specifically 

I b^cfbvt^ uIT n b ' aCk> anHine blaCk ' aCety ' ene bteck ' materials ' and Grants 

in Wack by the use of yellow, magenta and cyan colorants shown below may be used as black colorants 

Loin?n.inoL y ^ W COl ° rants " sab,e * ^ PreSent ™ enXi °"' com P ounds W>ed »V condensation^o-corrpounds^ 
isomdohnone compounds, anthraqu.none compounds, azo metal complexes, methine compounds and allylamldecorrT- 
pounds are used. Stated specifically, e.g., C.I. Pigment Yellow 12, 13, 14, 15, 16, 17, 62 74 83 93 94 95 97 109 
110. 111. 120. 127. 128. 129. 147. 168. 174. 176. 180. 181 and 191 are preferably used 

[01 08] As magenta colorants usable in the present invention, condensation azo compounds, diketopyropyyrole com- 
EJUS" anthraaUinone compounds, quinacridone compounds, basic dye lake compounds, naphthol compounds, ben- 
Pi™. £ h J\ LT di9 ° com P ounds and Pe-Vlene compounds are used. Stated specifically, e.g., C I 
Pigment Red 1. 2, 3. 5, 6, 7. 23. 48:2. 48:3. 48:4. 57:1. 81:1, 144, 146. 166, 169, 177, 184. 185. 202, 206 220 221 
and 254 are particularly preferably used. 

[01 1 09] As cyan colorants usable in the present invention, copper phthalocyanine compounds and derivatives thereof 

rSTSTiSrsri's ba f« c dye ,ake compounds may be used stated •p****™. bSts 

7. 15.1 , 15.2. 15.3, 15.4, 60, 62 and 66 are particularly preferred 

mill, .T hese H colo , ran,s ma V be used al °™. the form of a mixture, or in the solid solution state. When a magnetic 
'S ^ed as the colorant, it may preferably be added in an amount of from 40 to 50 parts by weight based on 

TSr? : SSin - Wh " n 0th6r C ° IOrant iS USed ' " ^ P re,erab 'y be added in a " a ^"t of from 

ra i°i Z ^no TT Pre,erab,y from 2 ,0 10 P arts b y ^iSht, based on 100 parts by weight of the binder resin. 

?■ ? tn e present invention may also be incorporated with a magnetic material so that rt can be used 

Z ^ . . ° aSe ' the maQnetiC material may a,so serve as the colorant - T he magnetic material usable 
in the present invention may include iron oxides such as magnetite, hematite and ferrite; metals such as iron, cobalt 
and nrckel or alloys of any of these metals with a metal such as aluminum, cobatt, copper, lead, magnesium, tin, zinc 

so TIT 0 "? , h beryl " Um ' b,smulh ' cad mi U m, calcium, manganese, selenium, titanium, tungsten or vanadium, and mixtures 
JU or any oi tnese. 

ft 0 iV!L Th « e T a9n f C T eT]al USed in the preS6nt inVentiOP may P referab 'V be a surface-modified magnetic material 
h J!' ° ^ y P I 3 " 18 10 mateHalS haVin9 b6en SUbjeCted to hydrophobic treatment with a surface modifier 
!!Z^^S ,0n ^ aCtl ° n " SUCh 3 SUr1aCe m ° djfier ^ inClUd6 ' SHane COUpHn 9 a 9 ents and trta ~ 
[0113] These magnetic materials may have an average particle diameter of 1 urn or less, and preferably from 0 1 to 
1 urn As the magnet.c material, it is preferable to use those having a coercive force (He) of from 20 to 300 oersted a 

™!° n k "T" (aS) ° f fr ° m 50 t0 200 ^ mU/g and 3 residua ' ma ^i2ation (ar) of from 2 to 20 emu/g, as 
magnetic characteristics under application of 10 K oersted. 
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!!! ?, o — acc f rd '"9 to the present invention may prelerably be, in cross-sectional observation of toner particles 
wrth a transm**™ electron microscope (TEM). dispersed in the binder resin in the form of, substanti a spheral 
and or spindle-shaped island or islands in such a state that the wax and the binder resin are not sdubte in eih oC 
Typical examples are shown in Figs. 1 1 A and 1 1 B. in eacn oiner. 

[011 S] Since the wax is dispersed in the above manner to be embraced in toner particles, thecompound represented 
by Formula (A) accordmg to the present invention can be allowed to be present in the vicinity^e^r p arti S 
surfaces ,n a good efficiency, and hence the charge controllability inherent in the compound can be weTexSei 

O^Vcha^ 

good charging performance can be maintained, so that toner images having superior dot reproduction can be formed 
over a long period of t.me. Moreover, the wax can act in a good efficiency at the time of heat-fixinc and ^ence sTs 
factory low-temperature fixing performance and antioffset properties can be attained 

tonlfi Ji.L h c e K reSen ! '"IT 11 ??' Sta,e °' diSperSi ° n ° f the WaX aS in ,he above is defined in the following way Of 
Ston!r « hav,n 9. ,e t n 9th of from D4 x 0.9 to D4 x 1 .1 with respect to a weight^verage particle diameter D4 [urn) 

h srss." he r er as described previousiy ' ,wenty ^ ^ ° f cr ° ss «• **- 

lliy^ h f PartlC ' e cross - sectlon a' P' a ^ thus picked up and a length r of the largest island in the phase 

measu 2 TST ^T^? *" ""^ h the t0ner P article ^oss-sectiona. plane^aving The «S S aTe 
ST saS£n * no me, ' C m6an Va ' Ue ° f r/R> (r/R) *« Whgn the resu,,an, aritt ™*'° ™™ value ot Jr™ 
shao^d f te n rt 7 ( T )s « - °- 95 ' thG W8X iS re9a,ded 38 b6ing in the ,orm of ' ^stantially, a spherical and/or sp ndle 
SS? vS? I SU 3 Sta,e that ,he W3X and the binder resin are not solubl ^n each other 

[011 7] When the wax is so dispersed that the arithmetic mean value of r/R, <r/R) s „ satisfies 0 05 < /r/R) . < 0 9S the 

x^dLT^T ^ F °T la (A> ^ be made IOCa ' i2ed 10 * e Xo ™ ^ surfa «* in SteSt 

nated id thu S th « T T °' the ^ ,0rmin ° a PP aratus ca " be P^ented from being contamN 

tained T^2?« . T" ^ W COmP ° md h the ° f t0ner P article surfaces « be main- 

R sa isfies oTs ?i£ ToT/" ^J*****™* in such - that the arithmetic mean va.ue of r/R, (r/ 
R) st , salves 0.25 £ (r/R) sl s 0.95 is preferred because good charging performance can be maintained and toner 
images having superior dot reproduction can be formed over a long period of time. Since the wTSn^n a 
2 C ined. y t,mS * heat " fiXin9 ' SatiSfaCt0ry *»*«*«*™ «"0 performance and anti-offs* pTopSes j£ 



1 ™™L ^ T <0r >he cross - secti ona' observation of toner particles, it is preferable to use an eleclra"*^ 

nhTcfh T ° f h6aVy meta '' U,Ni2in9 3 difference in the "i^ro-structure of a crystal layer and 

ta? rLmTmni , ^ ^ ^ cons1itutin 9 the she »- ^ted specifically, tonX partides are weltd^rSd 
ma corn-temperature cunng epoxy resin, followed by curing in an environment of temperature 40°C for 2 days tte 

Z^^TSiJS^ ^ T iUm , tetra ° X ^ (RU °^ and °Pt- a »V in^ombinaJo °w«h Smi^m 
ob^Sn Si A) ' therea " er sam P' es are cut into •"«» by means of an uHra microtome having a diamond cutter 
rmi<n r it f ° rm ° f l ° ner partideS USin 9 a transmission electron microscope (TEM) 

S 20 £ £f w»v VG "If P ° lar r6Sin tWn byerS PreSent ° n ,he toner P artic,e surtaces ™" a '«° be observed 
° 2 LJ the Wax " s ° d ! n the P resent Inve "«i°n. any known waxes usable in toner may be used, which may include 
th 9 "' P f c " WaX T and derlva,| ves thereof, montan wax and derivatives thereof, microcrystalline wax anS vafivVs 
thereof, F^scher-Tropsch wax and derivatives thereof, polyolefin wax and derivatives thereof, ^TvZ^Z 
nva fives thereof, ester wax and derives thereof, vegetable waxes and derivatives thereof animal TwaSs ana ae- 

oxide addition products, saponified products and salts. «*ywne 
« [0121] in particular, waxes preferably usable are low-molecular weight polyalkylene wax, low-molecular weioht pol- 
yester wax, ester wax, and aromatic derivatives, moiecuiarweignipoi- 
[0122] From these waxes, waxes may be fractionated according to the size of molecular weight by press sweatino 
solven fractionation, vacuum distiHation, u.tracrifical gas extraction or fractionation realization <e g rafter 
crystallizaton and crystal filtration). Such waxes may also preferably be used in the pLent invention A^ 7e ^ac 
tionafion. they may be subjected to block copolymerization or graft modification 

[01 23] For the wax used in the present invention, it is preferred that, in the OSC curve as measured with a differential 

ZTl*t:Tl a , maXi T end f ermiC Peak 81 ,he ,ime ° f ,6mpera,Ure rise is «™» ^ -gion of from 50 to 
peak ^s Hi - o^Zl ^T: " 6 T POint ° f 3 end0,hermic ™™ hoWhQ the maximum endothennic 
peak is 40 C or above. In particular, ,t is preferred that the temperature difference between the peak temperature of 
he maximum endotherm.c peak and the on-set temperature is within the range of from 5 to 50'C empera,Ure 
[0124] When the wax having thermal properties as described above is used, the resulting toner has a good fixinq 
performance asamatter of course, the release effect attributable to the wax is exhibited in a good efficiency a s^ffSn? 
fixing region ,s ensured, and afso any bad influence ofconventiona.ly known waxes on blocking SSISEJ 
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forming apparatus can be eliminated. Hence, the effect attributable to the compound represented by Formula (A) 
according to the present invention can be well brought out. Especially, since specific surface area of toner partic es 

tSI^T^Z^ shape is made spherica1, ft is very effective to contral ^ thermal properties ana dis - 

[012S] In the present invention, the thermal properties of the wax is measured according to ASTM03418-82 usina 

nnnUn 0^?!' SCannin9 Cak>rimeter DSC " 7 > manufactured by Parkin Elmer Co. The temperature at the detecting 

bLi^Hhl Lr f ICe 18 C TT d T b3SiS ° f mettin9 »** ° f hdium and 2inc " and ,he cato "° « seated on the 
basis of the heat f us,on of indium. In the measurement, a sample is put in a pan made of aluminum and an empty pan 

made of aluminum is set as a control. A DSC curve is used which is obtained when temperature is raised at a temoe " 
ature nse ra ,e of 10-C/min in the temperature region of from 20»C to T80'C. Here, when the m^urement is made 
£?-T rT" 6 "* a '° ne ' ,hS tem P era,ure 18 P revious 'y raised-and-dropped once under the sameZdi bns as 
«^eatthet,me « measurement, and measurement is started after the pre-history the wax component has is remove? 

[0127] As the ester wax. ester waxes having ester compounds satisfying the following general formula are preferred. 
20 R, -COO-F^ 

wherein R, and R 2 each represent a hydrocarbon group having 15 to 45 carbon atoms 

\Z 2 HL T T e T Wa ? ma i tUrther pre,erab| y be an ester «« which contains the ester compounds represented by 
« Z££St ^tjT C ° mPOUndS haVi " 9 ^ — ' * -™ — >» — « * a -ten? 

^e^:^~~^:zr d5 havin9 the same number of ca * on — * 

S ri ,' n rl! Pr6 f en ! T^ 0 "' 3 935 cnromat °9 ram is obtahed by measurement with GC-17A (manufactured by 
Sh madzu Corporation). In this measurement, a solution previously dissolved in toluene in a concentration of 1% by 

^mn iZnE a Z '/ nd 1 " ° f SamP ' e " injSCted in, ° 3 GC S * Stem havi "9 a " ^uotn injector As a 

?5S Vrom S T " diam8,ef ^ 1 ° mm in ,en9th iS US6d The CO,umn is ke P* at an initia ' temperature 

SLS; ^ temperature is ra,sed to 200»C at a rate of 40°C/min, and is further raised to 3S0°C at a rate 

o 50^rw^nS!lT7 iSed t0 T° 31 3 fate ° f 76C/min - AS 9aS ' He 935 iS t'ov^ -Tr ^ pressu S 
aid .hTm^cnroi T of f °rnpounds are identified, an alkane having a known number of carbon atoms is injected 

IU, 1 h ? ' S m Same fl ° W -° Ut time 38 ,he above ' i^ntifying their structures by comparing the 

ent ^ ™ ,09ramS u With ^ ° ther ° r introduci "9 gasffiedcomponents into mass spectrography. EXE 

Leak a ea to hi SKf ? I" ° f "* 0n ^ * S ca,cuta ' 8d ^ d «"9 •» ratio of eaSt 

peaK area to the total peak area of chromatograms. 

Sin! h^T'*, ^ \ chroma,0 9 ram of the ««er wax is shown in Fig. 1 . As can be seen from Fig. 1 . ester com- 
pounds as shown below, having 38 carbon atoms in total, are contained in an amount of about 0.13% by weight; 
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CH^CH^COO -(CHg^CHg 



CH^CH, ^COO ^CH^CHg 



ester compounds as shown below, having 40 carbon atoms in total, arecontained in an amount of about5.6% by weight; 
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CK^CH^COO -^CHg^CHj 
io : S eig h r POUndS " ^ be '° W ' haVin9 42 Carb ° n a, ° mS in "* are COnteined - « amount of about 19.0% by 



75 



20 



CH 3^ CH 2%8 CO ° ^ CH 2%1 CH 3 



' £ SK° mP0U ^ " ^ be,0W ■ h3Ving 44 Carb ° n a, ° mS " t0,a '- C ° ntained * an ««« <- about 72.9% by 
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35 



CH 3- fCH 2%) CO ° ~< CH z*2i CH 3 

1.7% ^weight 8 ' " ^ bel ° W ' ^ 46 cafbon at ° mS in total - are Gained 



in an amount of about 
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an even numberof carbon atoms When such mbrtZT Lrl 1! J ^ ?u common| y constrtuted of mixtures having 
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raw materials or products by solvent extraction or vacuum distillation 

thltlL' n th T ea f U T 6nt by thS 93S chromat °9 ra Pny described above, those in which ester compounds havino 
the same number ot carbon atoms in total are in a content less than 50% by weight may causeSSfcSd 2 

5 ° f reeZin9 ?° int depression - Hence - » ■«* ^ter compounds^ in^2at« ZSSS^SS 

Zl ZT V aUS K ° f an ■ SffeCt Chi6f,y ° n the blockin 9 resistance and ctargt developing pSSSSSS/S 
o attai n T er ' SUCh l 6 ! ter Compounds are used in the present invention, a stated fluidity of the tone3 be terd 

'° !S , AS f S *T WaX ' H iS P referable t0 those in which the ester compounds having the *ame number of 
carbon atoms m total may preferably be in a content of from 55 to 95% by weight, and more SrablvlSmS^? 
by we,ght. It ,s also preferable to use those in which the totalcontent of ester compoS^^ 
having the same number of carbon atoms in total, contained in the ester wax in the CJS £d ^*c^ 
pounds hav.ng the number of camon atoms in total within the range of ± 2 with resJcZTe^^o^TJ^l 

225, JUT °l the PreSem inVSntion iS made up ' the most Preferab.e ester wax is one in which the ester 

compounds hav,ng 44 carbon atoms in total as stated above are contained in an amount of from J£SS Xc ty 

^ [01 37] The ester compounds represented by the above general formula may include the following ester compounds. 



Total 

carbon 

atoms 

CHg-fCH^COO-CCH^C^ 36 

C^-CCH^gCOO^CH^CHg 38 

C^CH^COO^CH^C^ 38 

CH 3 -(CH 2 ^ 8 COO-<CH 2 ^ r9 CH3 40 

CHg-^CH^COO-CCHj^CHg 40 

^-(CH^^gCOO-CCR,^-^ 40 

CHg-fCI^^COO-CC^^ 42 

CHg-^C^COO-CC^CHa 42 

CHj-^CHg^COO-CCRj^gCI^ 42 

CHj-^O^^COO-^C^gCHg 44 

^^^COO^^gCHg 44 

CH^CH^COO-^CH^CHg 44 

CH 3-^ CH 2% CO °-<CH 2 ^ i CH 3 46 

CHg-^C^COO-^C^CHj so 

CH 3 -(CH 2 ^COO-<CH 7 9 i 3QH3 60 
CH 3 -^CH 2 ^- 3 COO -<CH 2 ^CH 3 68 
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[0138] For the ester wax, it is preferred that the peak temperature of a maximum endothermic peak in theOSC curve 

™ f re9 ' 0n . 40 t0 9 °° C ' 8nd m ° re Pref6rab ^ from 55 to 85 ° C - in view of theTmprovement of low- 
temperature fixing performance and anti-offset properties of the toner 

5 forced i^ZZ^tSVT h the P6ak tem P erature is ,ower *™ *>°C have so weak a self cohesfce 
2£ h Jnn .t Gy ,6nd t0 ° aUSe 3 IOWem9 ° f high-temperature anti-offset properties of the toner. On the 

T* ,n t hecase °' ester waxes in which the peak temperature is higher than 40«C, having a high meKing point, 

the ester wax having such a high peak temperature may be deposited during granulation because granulation and 

EZZ . y ° Ut in 30 aqUSOUS mSdiUm t0ner P artictes are direct| V opined by polymerizato 

tending to make it difficult to carry out granulation in a sharp particle size distribution 

K2L k' 8 Pfeferred th3t ! h !. €S,er "** haS 3 hardn6SS ° f from 0 5 to 5 0 - The hardness °» ^ ester wax is a value 
h! y H prepanng 3 c y" ndrlcal "mp«e 20 mm in diameter and 5 mm in wall thickness and then measuring its 
Victors hardness using a dynamic ultrafine hardness meter (DUH-200) manufactured by Shimadzu Corporation As 
conditions for measurement, using a penetrator, its position is moved by 10 pm under a load of 0.5 g at a loading rate 

* sESTStrzsi" is kept as ii is ,or 15 seconds - and a depression made °- - sampia * «a * 

S2 4 JU^2?- to , StUd !f S made by the Pr6Sent inven,ors ' ,h « use ouster waxes whose hardness measured by 
the above method is less than 0.5 is large in dependence on the pressure and process speed of fixing assemb.i es 

9 01 effeCt 01 hi 9 h ' teni P erature ^i-offset Properties. On the other hand, the use of ester 
waxes whose hardness is more than 5.0 results in a low storage stability of the toner, and also tend to cause a lowering 
£S -I? 6 6 an1, - offse, P r °Perties because such ester waxes themselves have a small self cohesive force 
[0142] The ester wax may preferably have a weight-average molecular weight (Mw) of from 200 to 2,000 and a 

ZZ ^Tnnr^M (Mn) ° f ^ 1 5 ° * 2> ° 00 ' and m ° re Preferably Mw of from 300 to 1 .000 and Mn of 

from 250 to 1,000. More specifically, when using ester waxes whose Mw is less than 200 and Mn is less than 150, the 
blocking resistance of the toner may be lowered and low molecular weight components are liable to be present on 

S °mL P a Th^% S nS CeS : M SU " in9 a .° W f ' Uidity ° f ,he t0ner °" the ° ther hand ' usi "9 ester waxes whose Mw 
s more than 2,000 and Mn ,s more than 2,000, granulation performance is inhibited in the toner production, tending 
to cause coalescence of toner particles. B 
[0143] In the present invention, the molecular weight distribution of the wax is measured by GPC (gel permeation 
chromatography) under conditions shown below. ._ _. a P ermeallon 



20 



2S 



4S 



SO 



55 



- GPC Measurement Conditions - 
[0144] 

35 Apparatus: GPC-1 50C (Waters Co.) 

Columns: GMH-HT 30 cm, combination of two columns (available from Toso Co Ltd ) 
Temperature: 135°C 

Solvent: o-Dichlorobenzene (0.1% ionol-added) 
Flow rate: 1 .0 ml/min 
40 Sample: 0.4 ml of 0. 1 5% sample is injected. 

[0145] Molecular weights are measured under conditions shown above. The molecular weight of the sample is cal- 
culated using a molecular weight calibration curve prepared from a monodisperse polystyrene reference sample It is 

EZZZZSEX^ value into polyelhy,ene accordin9 to a c ™ — fL - 

[0146] As other additives incorporated in the toner, those shown belowfor example may be used for the purpose of 
2 9 T™- L pr ° perties t0 the ,oner - As lubricants ' P^ferably usable are powders of fluorine resins such as pol- 
yvmylidene fluoride and polytetrafluoroethylene, and fatty acid metal salts such as zinc stearate and calcium stearate 
As charge-controllable particles, preferably usable are metal oxides such as tin oxide, titanium oxide, zinc oxide, silicon 
ox,de and aluminum oxide, and carbon black. These additives may be used in an amount of from 0.1 to 10 parts by 
weight, preferably from 0. 1 to 5 parts by weight, based on 1 00 parts by weight of the binder resin 
„Vn J) T^, °' Pr6Sent invention ' when use * as a developer, may preferably be incorporated with an inor- 
i w^ 0 ""?' ^ 9 "' Silica P owder - fine tita "ia powder and fine alumina powder) having a specific surface area 
o 30 m2/g or above as measured by nitrogen gas absorption according to the BET method, and made to have a degree 
of aggregation of toner in the range of from 1 to 20»/ o . The reason is that when the developer is prepared using the 

P,T ?' C /r P f ' C T tr0 " ed t0 haVS the SP6CifiC SUrfaCe area as described ebove, the compound represent^ by 
Formula (A present ,n the vicinity of toner particle surfaces and the inorganic fine powder interact so that the water 
adsorption to toner particles is controlled more remarkably, bringing about a greater effect of restraining the quantity 
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surfaces, the £££ XereTe ino4n^ti ^ * inVenti ° n iS present on the toner P-«* 

« inorganic fine powdTr tes a Sl^S^^^ B !^J^ ,h • C ° mP ° Und may b6COme Saturated ,f tne 
particle surfaces to cha^e tS^«r^2^f i , . ^ * e in ° rganiC fine powder is buried in the toner 

measured accord ing to ZbeZTT^ZZITZ^ SOme ^ ^ SUrfaCe area is 

area measuring device AUtSoBE TSmJISZSS ? o " SamP ' e SUrfaCeS USi " 9 a Specific surface 
by the BET multiple point method (manUfactured b V Yuasa lo ™s Co.), and the specific surface area iscalculated 

ssa jksss tiss^^ssisr i n an ^ iess ,han 05 part by wei9M - ■ 

«nep°w^^ 

S, E2Z?££Z2?£ 2ST?iSirsr r 9eabi,rty - ,he inor9anic fine powda ' uaad * - 

silicone varnish of various types e^nS'^^ ■? , " 9 89em SUCh 38 Si,iCOne varnish - modified 
coupling agent ^g a l^^ZZ or °" ° f Vari ° US ^ 3 ^ COUp,in9 a 9 ent - a sila " a 

ferrite state. The magnetic carrier used 3. L t man9anese a nd chromium, alone or in the composite 

whose parfcle JSSSS^^^^^ "Tl** 1 Sph6riCal ' f,at ° r shapeless - A ma 9netic carrier 
The carrier used may have^averaa fotn^^ZT^T appropfia,e, V bee " tolled may also be used. 
In addition, when sue a carrier 2117^ ^ 1 ° * and more P^erab^from 20 to 50 pm. 

ssjs.'SS fs^bK^sr 2: ss z enuon - an . y Jwn methods may b * used — - a 

pressure kneader, thereafter the^ Unladed oroiuct is cS *T '°* m me,t * iead ^ d b V ^ans of a 

diameter, and the pulverteS pS,S feJShJ^oiS^ r PUlVer ' 2ed t0 haVe ,he desired toner P article 

. «oner, the meJd as SSSS? C^P^ 

Laid-open No. 59-53856 and No 59-61842 in ^iT ™, !! . 36-10231, and Japanese Patent Applications 
method as disclosed in jS^^JS^SiSS No 56 22" by SUSP6nSi0n pol ^ a «°n; such a 

^,SbV™ 

ulation of a Sl i^ J"* * T* ' UnCti ° na ' 9f ° UPS ^ **" particles ,ormed b V 9™ 
panic.es, it may b dfesoteTin aq^ ^oe^r^x!" " aqUe ° US diSperSi ° n medium to fo ™ 
resulting toner particles te . suff cfentl exnS ! T, ^ C ° mP ° Und thUS diSSO,Ved does 001 al,ow the 

compound dissolved Shave ^^^JST^iTT'S ^ ^ Chargin9 rate - A,SO ' the 

shape in the step of polyTeiatton so thatThJTnn? 7^ * T dM ^ <he t0aer particles to retain their 
and particle she- £ZZ ~ 1" ^ " ™ ™ ™ b * made to have *• Panels size distribution 

diameter than th toner partfcesmav be 3^0?'^! " " ' ar96 qUamity ' particles havin 9 a ^er particle 
apparatus. P V 66 f ° rmed secondar,, y to b "n 9 about a difficulty in the matching to image forming 

med'ium ^T^HS ^eZTc^TT "T"*" °' m0n ° m « a " d the pH <* 

tained in tJvte^T^^JS^^^^ ^ diSS °' Vin9 - tbe <* «- - 
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E^ISJSSLSS^!^^*^^"" " to °- S - -"^ « to«X>. HHMraby tte compound rap^MrMcJ by -FSormul. 

(A) is prevented from d.ssotv.ng tn the aqueous medium and is embraced in toner particles. Then, the pH of the aqueous 
medium is again adjusted to 9 to 13 after the first reaction step, and a second reaction step is taken to make the 
polymenzat.on conversion still higher, whereby the compound represented by Formula (A) can be drawn out to the 
vicinity of the surfaces of toner particles capable of participating in triboelectric charging and simultaneously the com- 
pound present on the surfaces can be dissolved and removed under alkaline conditions 

n?l 5 H 71 ct a t ThUS ' t r!f, 0mPOU « d represen,ed b * Formula ( A > can be kept in the vicinity of toner particle surfaces in a 
good state, so that the resulting toner can have a very good charging performance. Also, the particle size distribution 
and shape of the toner particles can be controlled as desired, without causing any secondary formation of particles 
with f,ne particle diameter. Hence, the charging performance can be improved cooperatively and also the matching to 

13 LZ'^t ar < fn S t „ Can bS made VSry We,L Especia " y the pH of ,he ac ' ueous medium first reaction 
step « kept at 4.5 to 6 0, the compound can be embraced more in toner particles, and hence the effect of improvement 
as stated above can be made much better. 

[0158] In the present invention, the 'polymerization conversion" of polymerizable monomers is found accoiding to 
n, J 0 ^m^ re f S, °K by de,erminin 9 a total wei 9 ht (W2) ° f ""reacted polymerizable monomers on the basis of a 
versioTS MW1 W2^Tx1 2 * *" monom - r Polymerization con- 

[0159] The unreacted polymerizable monomers can be determined by adding, immediately after sampling from a 
reaction vessel, a short-stop (polymerization terminator) or cold methanol to the collected sample to terminate the 
polyrnenzat.on reaction, and by using a known method such as (i) a method making use of thermogiavimetry (TO) 
which makes measurements as a weight loss at the time of heatng by means of a thermobalance, or (ii) a method 
making use of gas chromatography (GC). In particular, the method making use of GC is an especially effective method 
[0160] An example in which the polymerizable monomers in Ihe toner are determined by GC is shown below. 

25 - GC Measurement Conditions - 

[0161] 

Apparatus: 

30 GC-1 4A (manufactured by Shimadzu Corporation) 

Column: 

npwAv 6 ? silica capillar y column (manufactured by J & W Scientific Co; size: 30 m x 0.249 mm; liquid phase- 
DBWAX; layer thickness: 0.25 pm) p»«>c. 

Sample: 

35 M USi ?^ 2:5 P m9 ° f ° MF 3S an internal reference - a solvent containing the internal reference is prepared by 

adding 100 ml of acetone. Next, 400 mg of toner is made into a 10 ml solution using the solvent. After treatment 
with an uttrasonie shaker for 30 minutes, the solution is left standing for 1 hour. Next, the solution is filtered with 
a 0.5 pm filter. The sample is injected in an amount of 4 pi. 
Detector: FID (split ratio: 1 :20) 
Carrier gas: N 2 gas 
Oven temperature: 

70"C -» 220°C (temperature rise at a rate of S'C/min after standing at 70°C for 2 minutes) 
Injection temperature: 200°C " 
Detection temperature: 200°C 
Preparation of calibration curve: 

[0162] A reference sample prepared by adding a target polymerizable vinyl monomer to the same DMF-acetone 
solution as the sample solution is similarly measured by gas chromatography to determine the value of weight ratio/ 
area ratio of the polymerizable vinyl monomer and the internal reference DMF. 

[0163] In the present invention, when the toner is produced by suspension polymerization, any known inorganic or 
organic dispersant may be used as a dispersant used when the aqueous dispersion medium is prepared. Stated spe- 

Z 2'i d,Sf Tf m US6d inClUde ' 88 in ° r9aniC dis P ereants - e -9-, tricalcium phosphate, magnesium phosphate, 
aluminum phosphate, zinc phosphate, magnesium carbonate, calcium carbonate, calcium hydroxide, magnesium hy- 
drox.de, aluminum hydroxide, calcium metasilicate, calcium sulfate, barium sulfate, bentonite, silica and alumina As 

llnT 0 ^™™*!' " indUde ' e 9 - P ° lyVinyl alCOho1 ' 9elatin ' meth y' cellulose, methyl hydroxypropyl cellulose 
ethyl cellulose, carboxymethyl cellulose sodium salt, and starch. 

[0164] Commercially available nonionic, anionic or cationic surface active agents may also be used -For^xamole 
usable are sod.um dodecylsulfate, sodium tetradecylsulfate, sodium pentadecylsulfate, sodium octylsulfate sodium 
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oleate, sodium laurate, potassium stearate and calcium oleate. 

[0165] In the present invention, a slightly water-soluble dispersant of an inorganic type is preferred, and besides a 
slightly water-soluble inorganic dispersant which is soluble in acid may preferably be used. In the present invention 
when the aqueous dispersion medium is prepared using the slightly water-soluble inorganic dispersant such a disper- 
sant may preferably be used in a proportion of from 0.2 to 2.0 parts by weight based on 100 parts by weight of the 
polymenzable monomers. Also, in the present invention, the aqueous dispersion medium may preferably be prepared 
by using water in an amount of from 300 to 3,000 parts by weight based on 100 parts by weight of the polymerizable 
monomer composition. 

[0166] In the present invention, when the aqueous dispersion medium in which the slightly water-soluble inorganic 
dispersant as described above has been dispersed is prepared, a commercially available dispersant may be used as 
it is, to make dispersion. In order to obtain dispersant particles having fine and uniform particle size such a slightly 
water-soluble inorganic dispersant may be prepared by forming it in a liquid medium such as water under high-speed 
stirring. For example, when tricalcium phosphate is used as the dispersant, an aqueous sodium phosphate solution 
and an aqueous calcium ch loride solution may be mixed to from fine particles of tricalcium phosphate, thus a preferable 
dispersant can be obtained. 

[0167] The toner production process of the present invention, which is comprised as described above can readily 
provide a toner which can restrain the decrease in quantity of triboelectricity in a high humidity environment and the 
lowering of the triboelectric charging rate in a low humidity environment, which have conventionally occurred in toners 
containing charge control agents, and also can effectively restrain the toner carrying memberf rom being contaminated 
[01 68] The image forming method to which the toner of the present invention is applied will be described below with 
reference to the accompanying drawings. 

[0169] In the apparatus system shown in Fig. 2, a developer having a cyan toner, a developer having a magenta 
toner, a developer having a yellow toner and a developer having a magnetic black toner are put into developing as- 
semblies 4-1 , 4-2, 4-3 and 4-4, respectively. Electrostatic latent images formed on an electrostatic latent image bearing 
member (e.g., photosensitive drum) 1 are developed by magnetic brush development or non-magnetic one-component 
development to form toner images of respective colors on the photosensitive drum 1 . 

[0170] The toner of the present invention may be blended with a magnetic carrier so that development can be made 
using, e.g., a developing means of a two-component development system as shown in Fig. 3. Stated specifically, the 
development may preferably be carried out while applying an alternating electric field and in such a statelhat arnagnelfcr: 
brush formed of the toner and the magnetic carrier comes into touch with a photosensitive drum 13 A distance 8 
between a developer carrying member (developing sleeve) 11 and the photosensitive drum 1 3 (distance between S- 
D) may preferably be from 100 to 1,000 urn. This is desirable for preventing carrier adhesion and improving dot repro- 
ducibility. If it is smaller (i.e., the gap is narrower) than 100 urn, the developer tends to be insufficiently fed, resulting 
in a low image density. If it is larger than 1,000 jim, the magnetic line of force from the magnetic pole SI held by a 
magnetism generating means 14 internally provided for the developing sleeve may broaden to make the magnelic 
brush have a low density, resulting in a poor dot reproducibility, or to weaken the force of binding the carrier tendinq 
to cause carrier adhesion. a 
[01 71] The alternating electric field may preferably be applied at a peak-to-peak voltage (Vpp) of from 500 to 5 000 
V and a frequency (f) of from 500 to 10,000 Hz, and preferably from 500 to 3,000 Hz, which may each be applied to 
the process under appropriate selection. In this instance, the waveform used may be selected from triangular waveform 
rectangular waveform, sinusoidal waveform, or waveform with a varied duty ratio. If the peak-to-peak voltage is lower 
than 500 V, a sufficient image density may be hard to attain, and fog toner at non-image areas cannot be satisfactorily 
collected in some cases. If the peak-to-peak voltage is higher than 5,000 V, the electrostatic latent image may be 
disordered through the magnetic brush to cause a lowering of image quality. 

[01 72] The use of a two-component developer having a toner desirably charged enables fog take-off voltage (Vback) 
to be lowered, and enables the photosensitive member to be lowcharged in its primary charging, thus the photosensitive 
member can be made to have a longer lifetime. While depending upon development systems, the Vback may preferably 
be 1 50 V or below, and more preferably 1 00 V or below. 

[0173] As contrast potential, a potential of from 200 V to 500 V may preferably be used so that a sufficient image 
density can be achieved. ' 

[0174] If the frequency (f) is lower than 500 Hz, electric charges may be injected into the carrier, relating also to 
process speed, so that carrier adhesion may occur or latent images may be disordered, causing a lowering of image 
quality. If the frequency (f) is higher than 10,000 Hz, the toner can not follow up the electric field to tend to cause a 
lowering of image quality. 

[0175] In order to carry out development promising a sufficient image density, achieving a superior dot reproducibility 
and free of carrier adhesion, the magnetic brush on the developing sleeve 11 may preferably be made tooome into 
touch with the photosensitive drum 13 at a width (developing nip C) of from 3 to 8 mm. If the developing nip C is 
narrower than 3 mm, it may be difficult to satisfy sufficient image density and dot reproducibility. If it is broader than 8 
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mm. the devetoper may be packed into the nip to cause the machine to stop from operating or it may be difficult to 
i" t T e ; h a 1 eSi ° n AS meth0dS ,0r 3diUS,in9 ,he Sloping nip, the^nip witfh 1 be 
aSr, 3 *l d,sXance be,ween a developer-regulating bfcde 18 and the developing sSevT 11 or by 

adjust.ng the d.stance B between the developing sleeve 11 and the photosensitive drum 13 ' * 

oninn; J^k! T 3ti0n ° f ,Ull ^° IOr ima96S WhiCh atlaches im P ort a^e especially to halftones, three or more devel- 

ot he cyan and yeiiow may be used - and the deveio P ar — *M*phi pj^^sri 

of the toner of the present mvent.on may be used, especially in combination with a development ii^JSJduS 
latent .mages are formed. Thus, the latent images are not affected by the magnetic ^«?JS2S35^ 
be h deVe '° ped faUhf U " y t0 ,he dot ima 9 es Als ° " transfer s?ep, the use of the SmSS^ZSt 

SHU, ■ ln a< ! diti0n ' c ° ncurrentlv wfth the achievement of a high image quality at the initial stage the effect of the 

55? ^SS^SH T USly 6XhibHed mh ° Ut any '° Werin9 of ima 9 e ^ even h rna 9 n y JhLf C c2y?ng 
21n L , , ? 6 PreS6nt inVent, ° n may P referab| y be used also in one-component development An examole 
the usZ 1 S eVelOP ' n9 e,eCtrostatic latent ima 9*s ^med on the electrostatic latent image SgmeS 
01791 t F :t ne ." C0 ? 0nen, deVelOPGr iS ShOW1 be, ° W - Exampl6S are not necessaril V » m «ed to the fo Kg " 
S IS im Lo« ' ' ? ^ nU , mera ' 20 den ° teS a " e 'ectrostatic Went image bearing member (photosensitive drum) 
™. ^ 9 f med by e 'ectro P hotographic processing means or electrostatic recording means Retrence S 
« 8 ,0ner Canyin9 (d6VetoPin9 S,eeV6) f ° rmed ° f 3 — a 9-tic s.eeve made STmTnl 

[0180] Substantially the right half of the periphery of the toner carrying member 24 always comes into contact with 

h h .T " nS,de 8 COntainer 21 ' and the toner in the vicinit V of »* toner carrying men, ^TattracTed 
the ™ °? t0ner Car, y in 9 member suriac * by the aid of a magnetic force and/or electrostatic force p Educed by 
the magnetism generating means provided in the toner carrying member produced by 

25 S asto ^nX^t?^ 0 "' ^ ^ mamber preferablv have a surface rou 9 h "ess Ra (urn) so 

^ 821 Wh2n th 9 ? ■ Pt 6rab,y ter9er,han 1 °' and more P re,erab| y "<* 'argerthan O.S. 
th^L^ :° U9hness Ra ,s set to be not larger than 1 .5, the toner particle transporting performance 

thtier X^™, T " C ° ntr °" ed ' M f ° rmed °" the *™ trying membefcan be ma^e 
thinner and also the times the toner carrying member comes into contact with the toner increases end hlnr^Z 

[0183] If the toner carry.ng member has a surface roughness Ra larger than 1.5. not only the toner layer on the toner 

35 E25 th ! Pr6Sent inven1ion ' the surf ace roughness Ra of the toner carrying member corresponds to centerline 

S^kZET TT?* USi " 9 3 SUrfaC6 rOU9hneSS m6aSUrin 9 device (SURFCOAOER SE-S mlnuS Z 
by K.K. Kosaka Kenkyusho) accord.ng to JIS surface roughness "JIS B-0601 "). Stated specifically a oortion of 2 . 1 mm 

Z£!Z T h fOU f ^ CUrV6 ' Settin9 8 measureme nt length a in the iection ZEo£Z£^££ 
» ohn drawn^ut pomon is represented by X axis, the direction of lengthwise magnification by Yaxis and the 

- (XTes^ 
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R Hr/o |f(x),dx 

J 0 ^? AS toner , car, y in 9 memb er used in the present invention, a cylindrical or belt-like member formed of e a 
a non-magnetic metal such as stainless steel or aluminum may preferably be used. If necessary, IrSJSES coat 
may be prov.ded on the surface of its substrate, or a resin in which fine parties of resin, metals ca bon black o 
charge control agent have been dispersed may be coated 1 aCk ° r 

3°oTl s 7hl h L P i e H e J T^"' SPe6d ° f SUdaCe m ° Vement ° f ,he t0ner carr y in 9 member may be set 1 .05 to 
o t^Zl P K 306 mOV6men, of the electrostatic latent image bearing member, whereby the tonerlaye? 

'! ,h ,l Spe f d ° f SUrface move ^ent of the toner carrying member is less than 1 OS limes the speed of surface 
movement of the electrostatic latent image bearing member, the agitation effect on the4oner layer may Some inS 
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ficient, so that it can not be expected to form good images. Also, when images requiring a large quantity ot toner over 
a wide area are developed as in the case of solid black images, the quantity of toner fed to the electrostatic latent 
image tends to become short, resulting in an insufficient image density. If on the other hand the speed of surface 
movement of the toner carrying member is more than 3.0 times the speed of surface movement of the electrostatic 
latent image bearing member, not only various problems caused by excessive charging of toner as stated above but 
also the deterioration of toner due to mechanical stress or the sticking of toner to the toner carrying member tends to 
occur undesirably. 

[0188] The toner, T, is stored in a toner container 21 , and is fed onto the developing sleeve 24 by means of a feed 
member 22. As the feed member, a feed roller comprised of a porous elastic material as exemplified by a foamed 
material such as soft polyurethane foam may preferably be used. The feed roller may be rotated at a relative speed 
that is not zero in the forward direction or backward direction with respect to the developing sleeve so that the toner 
can be fed onto the developing sleeve and also the toner remaining on the developing sleeve (the toner not participated 
in development) can be stripped off. In this instance, taking account of the balance of the feeding and stripping of the 
toner, the feed roller may be brought into contact with the developing sleeve at a width (a nip) of from 2 0 to 10 0 mm 
and more preferably from 4.0 to 6.0 mm. On the other hand, this inevitably imposes an excess stress to the toner to 
tend to cause an increase in agglomeration due to the deterioration of toner or cause the melt-adhesion or sticking of 
toner to the devebping sleeve and feed roller. However, since the toner used in the developing process of the present 
invention has excellent fluidity and reusability and has a running stability, the toner is preferably usable also in the 
developing system having such a feed member. A brush member formed of resin fiber such as nylon or rayon may 
also be used as the feed member. Such a feed member is very effective in a non-magnetic one-component development 
carried out using a non-magnetic one-component developer (non-magnetic toner), in which any magnetic binding force 
can not be utilized. It may also be used in a magnetic one-component development carried out using a magnetic one- 
component developer (magnetic toner). 

[0189] The toner fed onto the developing sleeve is coated in thin layer and uniformly by a regulation member. The 
regulation member, 23, for making thin toner layer may be a doctor blade such as a metal blade or magnetic blade 
provided a given interval apart from the developing sleeve. Alternatively, in place of the doctor blade, a rigid-material 
roller or sleeve formed of metal, resin or ceramic may be used, and a magnetism generating means may be provided 
in the inside thereof. Also, an elastic member such as an elastic blade or an elastic roller for coating the toner under 
pressure contact may be used as the regulation member for making thin toner layer. For example as shown Fig 4 
an elastic blade 23 is, at its upper side base portion, fixedly held on the side of the toner container 21 and is so provided 
that its blade inner face side (or its outer face side in the case of the backward direction) is, at its lower side brought 
into touch with the surface of the developing sleeve 24 under an appropriate elastic pressure in such a state that it is 
deflected against the elasticity of the blade in the forward direction or backward direction of the rotation of the developing 
sleeve. According to such construction, a toner layer can be formed which is stable even in environmental variations 
and is dense. The reason therefor is not necessarily clear, and it is presumed that the toner is forcibly brought into 
friction with the developing sleeve surface by the elastic member and hence the toner is charged always in the like 
state without regard to any changes in behavior caused by environmental changes of toner. 

[01 90] On the other hand, the toner tends to be so excessively charged that it tends to melt^adhere to the developing 
sleeve or elastic blade. However, the toner of the present invention can be preferably used because it has a superior 
40 releasability and has a stable triboelectric chargeability. 

[01 91] As the elastic blade, it is preferable to select a material of triboelectric series suited for electrostatically charg- 
ing the toner to the desired polarity, which includes rubber elastic materials such as silicone rubber, urethane rubber 
or NBR; synthetic resin elastic materials such as polyethylene terephthalate; and metal elastic materials such as stain- 
less steel, steel and phosphor bronze, as well as composite materials thereof, any of which may be used 
[0192] In instances where the elastic member and the developing sleeve are required to have a durability, resin or 
rubber may preferably be stuck to, or coated on, the metal elastic material so as to touch the part coming into contact 
with the sleeve. 

[0193] An organic or inorganic substance may also be added to, may be melt-mixed in, or may be dispersed in the 
elastic member. For example, any of metal oxide Si metal powders, ceramics, carbon allotypes, whiskers, inorganic 
fibers, dyes, pigments and surface-active agents may be added so that the charging performance of the toner can be 
controlled. Especially when the elastic member is formed of a molded product of rubber or resin, a fine metal oxide 
powder such as silica, alumina, titania, tin oxide, zirconium oxide or zinc oxide, carbon black, or a charge control agent 
commonly used in toners may preferably be incorporated therein. 

[0194] A DC electric field and/or an AC electric field may also be applied to a developing blade serving as the reg- 
ulation member, a feed roller as the feed member and a brush member, whereby the uniform thin-layer coating per- 
formance and uniform chargeability can be more improved at the regulated part on the developing sleeve because of 
the loosening action acting on the toner and the tonercan be smoothly fed and stripped off, *o that a sufficient image 
density can be achieved and images with a good quality can be formed. 
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[0195] It is effective tor the elastic member to be brought into touch with the toner carrying member ^developing 
sleeve) at a pressure of 0.1 kg/m or above, preferably from 0.3 to 25 kg/m, and more preferably from 0:5 to 12 kg/cm, 
as a linear pressure in the generatrix direction of the toner carrying member. This makes it possible to effectively loosen 
the agglomeration of toner and makes it possible to effect instantaneous rise of the charge quantity of toner. If the 
s touch pressure is belowO. 1 kg/m, it is difficult to uniformly coat the toner, resulting in a broad charge quantity distribution 
of the toner to cause fog or black spots around line images. If the touch pressure is above 25 kg/m, a great pressure 
is applied to the toner to cause deterioration of the toner and occurrence of aggregates of the toner, and also a great 
torque is required in order to drive the toner carrying member, undesirably. 

[0196] The gap a between the electrostatic latent image bearing member and the toner carrying member may pref- 
10 erably be set to be from 50 to 500 u,m, and the gap between the doctor blade and the toner carrying member may 
preferably be set to be from 50 to 400 um 

[01 97] The layer thickness of the toner layer formed on the toner carrying member may preferably be made smaller 
than the gap a between the electrostatic latent image bearing member and the toner carrying member. In some cases, 
the layer thickness of the toner layer may be regulated in such an extent that part of a large number of toner ears 
constituting the toner layer comes into contact with the surface of the electrostatic latent image bearing member. 
[0198] Meanwhile, an alternating electric field may be applied across the toner carrying member and the electrostatic 
latent image bearing member by a bias power source 26. This makes it easy for the toner to move from the toner 
carrying member to the electrostatic latent image bearing member and to form images with a much higher image quality. 
The alternating electric field may preferably be applied at Vpp of 1 00 V or above, preferably from 200 to 3,000 V and 
morepref erably from 300 to 2,000 V. It may also preferably be applied at a frequency (f ) of from 500 to 5,000 Hz, more 
preferably from 1 ,000 to 3,000 Hz, and still more preferably from 1 ,500 to 3,000 Hz. As the waveform of this electric 
field, rectangular waveform, sine waveform, sawtooth waveform and triangle waveform may be used. An asymmetrical 
AC bias having different time for which f orwaroVbackward voltages are applied may also be used. It is also preferable 
to use a bias formed by superimposing an AC bias on to a DC bias. 
2S [0199] In the apparatus shown in Fig. 2, the electrostatic latent image bearing member 1 is a photosensitive drum 
or photosensitive belt having a photoconductive insulating material layer formed of a-Se, CdS, 2n0 2 , OPC or a-Si. 
The electrostatic latent image bearing member 1 is rotatively driven by means of a drive system (not shown) in the 
direction of an arrow. 

[0200] As the electrostatic latent image bearing member 1, a photosensitive member having an amorphous silicon 
30 photosensitive layer or an organic photosensitive layer may preferably be used. 

[0201] The organic photosensitive layer may be of a single-layer type in which the photosensitive layer contains a 
charge generating material and a charge transporting material in the same layer, or may be a function-separated 
photosensitive layer comprised of a charge transport layer and a charge generation layer A mufti-layer type photo- 
sensitive layer comprising a conductive substrate, and the charge generation layer and the charge transport layer 
35 superposed on the substrate in this order is one of preferred examples. 

[0202] As binder resins for the organic photosensitive layer, polycarbonate resins, polyester resins or acrylic resins 
may preferably be used because they provide a good transfer performance and a good cleaning performance, and 
may hardly cause faulty cleaning, melt-adhesion of toner to the photosensitive member and filming of external additives. 
[0203] The step of charging has a system in which the charging means and the electrostatic latent image bearing 
member 1 are in non-contact with each other as in a corona charging assembly, or a contact type system in which they 
are in contact with each other as in a charging roller. Either system may be used. The contact charging system as 
shown in Fig. 2 may preferably be used so as to enable efficient and uniform charging, simplify the system and make 
ozone less occur. 

[0204] A charging roller 2 is constituted basically of a mandrel 2b at the center and a conductive elastic layer 2a that 
45 forms the periphery of the former. The charging roller 2 is brought into pressure contact with the surface of the elec- 
trostatic latent image bearing member 1 and is rotated following the rotation of the electrostatic latent image bearing 
member 1. 

[0205] When the charging roller is used, the charging process may preferably be performed under the conditions of 
a roller contact pressure of 5 to 500 g/cm, and an AC voltage of 0.5 to 5 kVpp, an AC frequency of 50 Hz to 5 kHz and 
a DC voltage of ± 0.2 to ± 1 .5 kV when a voltage formed by superimposing an AC voltage on a DC voltage is applied, 
and a DC voltage of from ± 0.2 to ± 5 kV when only a DC voltage is applied. 

[0206] As a charging means other than the charging roller, there are a method making use of a charging blade and 
a method making use of a conductive brush. These contact charging means have the effect of, e.g., making high 
voltage unnecessary and making ozone less occur. 

[0207] The charging roller and charging blade as contact charging means may preferably *>e made of a conductive 
rubber, and a release coat may be provided on its surface. The release coat may be formed of a nylon resin, PVDF 
(polyvinylidene fluoride) or PVDC (polyvinylidene chloride), any of which may be used. 

[0208] The toner image on the electrostatic latent image bearing member is primarily transferred to an intermediate 
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Sn e o f l e l ber 5 *? VOlta9e (e 9 - * °- 1 10 * 5 kV) is applied ^ surfa <* <* the electrostatic latent image 

bearing member ,s cleaned by a cleaning means 9 having a cleaning blade 8 

ESJIJE" ' nt r m f ? ate c anS,6r member 5 iS com P" sed <* a Pipe-like conductive mandrel 5b and a medium-resist- 

[0210] The medium-resistance elastic material layer 5a is a solid or foamed-material layer made of an elastic material 
such as s, cone rubber, Teflon rubber, chloroprene rubber, urethane rubber or EPDM (Z^Z^pZvle^Bnl 
3 CO " duc,jvit yP rovidi "9 agent such as carbon black, zinc oxide, t TaSS^ SSS3?SS 
10 Jo" oTm SPerS6d l ° ad,USt e,eCtriCa ' reSiStanCe (VO ' Ume reSis '^ to a medium resistance^ from To* to 



[0211] The intermediate transfer member 5 is provided in contact with the bottom part of the electrostatic latent imace 
bearing member, being axial* supported in parallel to the electrostatic latent ^x^^^TSS^^ 

an ar^w Per ' Pheral ** *" *"* ^ membar 1 " the diUton as Jn^ 

Us 2 l tZ h rlT °T t0ner IT 396 ,0rmSd 8nd heW ° n the SUrface of the Prostatic latent image bearing member 
and the intermit ** " ip P ° rti ° n " h6r * *• Ecstatic latent image bearing memtoM 

The «PHnhf , 1 ^ memb6r 5 C ° me in, ° COntact With each other - intermediately sequencially tranced to 

bv a ,n ^edate transfer member 5 by the aid of the electric fi,ed formed at the transfe ^fpoa^ 

by a transfer bias applied to the intermediate transfer member 5 »<*nsier nip pomon, 

Tnl, 1 "TT^ *?' T ,0nSr ima9e h8S been ,ransferred tothetransfermedium, the surface of the intermediate 
Unit T' I T f Cl6aned by 8 detachable c,eanin 9 1 0. When the tone is present Jn Z intermS a e 

luo^H ™?'T !k PrOV ' ded in C ° ntaCt W " h the b0t,0m Part ° f ,he intermediate transfer member S oeing 2£ 
IZflT P f ? J 1 " 6 ' ntermedia,e transfar "ember 5. The transfer means 7 is, e.g., a transfer orator 
Te^n ' h t ' Ven 3t ^ PeripHeral Speed aS ,he intermed^te transfer member sTthTcSSfe 
tZSZZZ f V ^ tranS,Sr meanS 7 may bS S ° Pr0vided that 11 comes '"to direct contact SThe 

Kar^^ 

SfJS, 7 h . e interrn ^ diate trans1er ma rnber and the transfer roller may be formed of commonly available materials 
It ,h! J? t T f L ranS,6r r0,,er may bS made to have a vo,ume resistivity set smaller thTn thTvo^meS viv 
of the etast,c layer of the intermediate transfer member, whereby the voltage applied to the t an sfer roUe™ £ 
essened, good toner images can be formed on the transfer medium and sJ^lZlV^lTcan be p evented 
from bemg wound around the intermediate transfer member. In particular, the elastic layer of the intermediate Transfer 

[0217] For example, a conductive elastic layer 7b of the transfer roller 7 is made of e g an elastic material havinn 
wlhaZl^ 

SoLr ^SZ 71 ^ 38 Catb ° n - diSPerS6d thSrein - A biaS is app,ied to »• "Andrei 7a by a conSnfvoftage 
power source. As bias conditions, a voltage of from ± 0.2 to ± 1 0 kV is preferred 

[0218] The toner image on the transfer medium 6 is fixed by means of a heat-and-pressure fixinq means H The 

wtth J TZTT f T 9 meanS ^ inC ' Ude 3 h6at r °" S * SXem consti,uted ot he?t rlr nLnaffy proved 

with a heating element such as a halogen heater and an elastic-material pressure roller brought into conSt tKS 

f , ] -< pr6Sent ' nvention can we " maxch ,ne abov e heat-and-pressure fixinq means 

because of its superior fixing performance and antioffset properties 9 

a ^ e t ,0ne f r ° f th ! Pr , 6Sent inVenti ° n haS 3 hi9h trans,er efficienc y at transfer step, may make the toner toss 
etect ^ ,T S , 3 also has a superior cleaning performance, and hence ,he filming may hardVoccuTonlhe 
add«r k ,k ' ma9e beann9 member M ° reOVer ' the ,oner oi the P r **nt invention n4y less make^nt e«enS 
Jnd Z * m PartiC ' e SUr,aC6S ,han c °n ve ntional toners even when a many-sheet running te^t is Se 

and hence a good , mage quairty can be maintained over a long period of time. Accordingly, it is prZably^ed est 

e ec'ro^^^^ haVinQ "* ^ the reuse mechanism in which he toner emLTng on the 

electros tat.c latent image bearing member and intermediate transfer member after transfer is removed by a clean no 
means such as a c.eaning blade and the toner remaining after transfer and thus coltected is reused ' 9 
[0220] ThereusemechanismisdescribedwrthreferencetoFiglOThetransferresdualtonerpresentonthesurface 
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of a photosensitive drum 120 after transfer is scraped off with an elastic blade 122 coming into touch with the photo- 
sensitive drum, and is collected in a cleaner 121. The transfer residual toner thus collected is transported through a 
cleaner screw 123, by means of a feed pipe 124 provided with a transport screw, and, through a hopper 125, returned 
to a developing assembly 126. The toner thus returned is again used for development. 

[0221] A one-component contact development system may also be used in which an elastic roller is used as the 
toner carrying member, the toner is coated on the surface of this elastic roller to form a toner layer and this toner layer 
is brought into contact with the surface of the photosensitive member serving as an image bearing member 
[0222] In the one-component contact development system, the toner may be either of magnetic and non-magnetic 
and it is important that the toner layer and the photosensitive member surface come into contact with each other. The 
toner carrying member may preferably substantially come into contact with the photosensitive member surface, which 
means that the toner carrying member comes into contact with the photosensitive member when the toner layer is 
removed from the toner carrying member. Here, in order to obtain images free of the edge effect through the toner and 
by the aid of an electric field acting between the photosensitive member surface and the toner carrying member facing 
the the photosensitive member surface, it is necessary for the elastic roller to have a potential on its surface or in the 
vicinity of the surface and for the electric field to be formed between the photosensitive member surface and the elastic 
roller toner carrying member surface. Hence, the elastic layer formed by elastic rubber on the surface of a low-resistance 
core material of the elastic roller may be resistance-controlled in a medium-resistance region so as to keep the electric 
field while preventing its conduction with the photosensitive member surface, or a thin-layer dielectric layer may be 
provided on the surface of a low-resistance conductive roller; either method may be used. The system may also bo so 
constituted that a conductive roller is coated with an insulating substance on its surface side facing the photosensitive 
member surface or provided with a conductive layer on the inner side of an insulating sleeve not facing the photosen- 
sitive member. 

[0223] When the one-component contact development system is used, a developing roller serving as the toner car- 
rying member for carrying the toner thereon may be rotated in the same direction as the photosensitive member (the 
same surface movement direction), or may be rotated in the opposite direction. When the developing roller is rotated 
in the same direction, it may preferably be rotated at a peripheral speed ratio of more than 100% with respect to the 
peripheral speed of the photosensitive member. If it is not more than 100%, a problem may be left on image quality, 
e.g., a poor line sharpness. With an increase in the peripheral speed ratio, the quantity of the toner fed to the developing 
zone increases, and the toner is more frequently taken on and off the latent image, where the toner is repeatedly 
scraped off at the unwanted part and imparted to the wanted part, so that an image faithful to the electrostatic latent 
image can be formed. 

[0224] The image forming method of the present invention will be described with reference to the accomoanvina 
drawings. ' w 

[0225] Fig. 7 diagrammatically illustrates, as an example of the one-component contact development system ac- 
cording to the present invention, an image forming apparatus having a process cartridge. 

[0226] A photosensitive member 56 is electrostatically charged by means of a charging roller 51 serving as the 
contact charging means, and image areas are exposed to laser light 60 to form an electrostatic latent image A toner 
50 held in a developing assembly 52 is coated on a toner carrying member 54 by means of a toner coating roller 55 
and a coating blade 53, a toner layer formed on the toner carrying member 54 is brought into contact with the surface 
of the photosensitive member 56, and the electrostatic latent image formed on the photosensitive member 56 is de- 
veloped by reversal development, toform a toner image on the photosensitive memberS6. Tothe toner carrying member 
54, at least a DC bias is applied through a bias applying means 61 . The toner image on the photosensitive member 
56 is transferred onto a transfer medium 58 transported to the transfer zone, by means of a transfer roller 57, serving 
as the transfer means, to which a bias is applied through a bias applying means 62. The toner image transferred onto 
the transfer medium is fixed through a heat-and-pressure fixing means 63 having a heating roller and a pressure roller. 
[0227] The image forming apparatus has a blade-like cleaning member 59 provided in contact with the surface of 
the photosensitive member 56 between the transfer zone assigned to a transfer roller 57 and the charging zone as- 
signed to a charging roller 51. The transfer residual toner remaining on the photosensitive member 56 after the step 
of transfer is scraped off by the cleaning member 59 and collected by a cleaner. The photosensitive member 56 from 
the surface of which the transfer residual toner has been removed is again electrostatically charged by the charging 
roller 51 and is, after charged, exposed to laser light 60, so that an electrostatic latent image is formed. The electrostatic 
latent image on the photosensitive member 56 is developed by the toner carried on the developer carrying member 
54. A toner image formed on the photosensitive member 56 after the developing step is transferred by means of the 
transfer roller 57 onto a recording medium 58 transported to the transfer zone. After the transfer step, the photosensitive 
member 56 is cleaned by the cleaning member 59 to remove the transfer residual toner, and thereafter again electro- 
statically charged by means of the charging roller 51. A similar process is repeatedly carried out thereafter. 
[0228] Fig. 8 illustrates another example of the image forming apparatus, in which the tonercan be fed to adeveloping 
sleeve serving as the toner carrying member and in addition thereto the toner having participated in development can 
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smoothly be stripped off the developing sleeve. 

[0229] In , Fig. 8. reference numeral 71 denotes a photosensitive drum, around which a primary charging roller 72 as 
a contact chargmg means, a developing assembly 78 as a developing.means, a transfer charging roller 91 as acontact 
5 17™!,? 3 r0 " er 89 are PrOVided Then ' the Photosensitive drum 71 is electrostatically charged to 

which"! e a i"3S! rT'^" 9 r °" er 72 ' Voft39e app,ied by 8 bias "WWrw means 75 is DC voltage 
76 t I™ » h ? ^ , i J 6 pnotosensit,ve drum 71 is ex P°sed to laser light 7 emitted from a laser light generator 
iJZil^ZT elec,roa,atlc latent Ima 9 e Th e electrostatic latent ™age on the the photosensitive drum 71 is 
f nonmagnetic one-component developer (toner) 85, and is transferred ontoa recording medium 90 by 

io onh 6 H 3nS K f ro " er 91 t0 Whfch 3 ^ S V ° ,ta9e iS app,ied tnrou 9 h a bias ^^"9 means 94 The recording 

num e «Mnpln r ? ^ anda P ressure rol,er99 . the toner image is fixed to the recording medium 90 Reference 
numeral 102 denotes a cleaner having a cleaning member 1 01 . The transfer residual toner on the photosensitive drum 
after the transfer step is scraped off by the cleaning member 101 and collected by the cleaner 102 

« thafformJis periphe^ 0 '^ 72 " baSiCa " y COnStitUted ° f a mandrel 74 at ,he center and a conductive elastic layer 73 

SSL IT J evel °P in 9. assem bly 78 is, as shown in Fig. 9, provided with a developing sleeve serving as the toner 

aZ nn m P T «« h " "? ^ r °" er 79 haVin9 3 80 l ° ***> a bias vo,ta 9e is trough a bias 

apphnng means 88 and an elastic layer 81 , and the toner layer on the devetoping sleeve 79 comes into contact with 

VI T 1 - l nSide the deVe '° Pin9 aSS6mb,y 7S - a ,oner coati "9 ro,ler 82 is P«*» which has a 
fT?!n t ,h 8 b,aS ? lta9e * apP " ed thfOU9n 3 bias app 'y in 9 means 87 an elastic .ayer 84. As a member 
EHfESSET I t0nertransported attracted -to the devebping sleeve 79, a toner regulating 
c!n^?n P h S ° f 6 qUanWy ( ° r ' ayer thiCkneSS) ° f the ,0ner ^"sported to the developing zone can be 
? I 001 "?"? a PfeSSUre at " hfch thS ,0nef re 9 ulati "9 blade 86 is brought into touch with thedeveloping 
sleeve 79. In the developing zone, a DC development bias is applied at least to the developing sleeve 79, and the 

Tc ^T 1 ° n l deVelopin . 9 sleeve comes imo c °ntact with the photosensitive drum 71 surface and is moved onto 
rS^™ «r u 9 m 71 accordance with the electrostatic latent image to form a toner image thereon 
fram LTr^n V h ° ,OS H e " Si,iVe dmm 71 has a "Snt-area potential of from 0 to 250 V and a dark-area potential of 

v = h I ' f u b,aS VO,ta9e apP " ed ,r ° m ,he biaS app, y in 9 means 87 may preferably be from Too to 900 
30 development b.as voltage applied from the bias applying means 88 may preferably be from 100 to 900 V 

[0233] The feed b.as voltage applied from the bias applying means 87 may also preferably be 1 0 1o 400 V as an 
£?u» J 9her , than deVeiopment bias volta 9 e a PP |ied fom the bias applying means 88. This is preferable 

to™ f th h 9 6 n ° n - ma9netic ,oner 85 to * e developing sleeve 79 and the stripping of the non magnetic 
toner from the developing sleeve 79 can be made smooth. H 

\T£LlT W i? feedin9 and StriPPin9 ° f the non-magnetic toner, it is preferable for the toner coating roller 82 
to be rotated in the same direction as the rotational direction of the developing sleeve 79 so that both their surfaces 
move in the counter direction each other as shown in arrows in Fig. 9. sunaces 

EI? I" 1396 <0rmin9 ap P ara,us show n ^ Figs. 7 and 8, the transfer residual toner not transferred in the 

;* Slep and P ' esent on tha surface of the electrostatic latent image bearing member is removed by bringing he 

metho^^^^ 

ESS. f P V • k ' S M ' ed dea n'n9-at-development system", in which the cleaning for removing the transfer 
enib^menfs r " S ' mU,,ane0US,y performed a1 ,he time of development in the developing step, is also one of preferred 

of the electrostafc latent ,mage bearing member between the transfer zone and thecharging zone and between the 

« a a I?'.T? ne developin 9 zone tor moving the transfer residual toner present on the surface of the electro- 

static lalent image bearing member (photosensitive member). 

0052. I** ° ha v r9e ° f thS tfanSler r6SidUal l ° ner may change 9reatly also in accordance with transfer bias conditions 
and transfer medium res.stance. As the transfer bias, a voltage having a polarity reverse to the charge polarity of the 

Ln D lL C tTK m0 K y , aPP ^ 0386 Wh6n the devel °P m ent is regular development (the toner charge polarity is 

opposite to the photosens.t.ve member charge polarity) and when the transfer medium is one having a high resistance 

X^ZZ 'TT an . d h 0 TK fi,mS ' t0n6r PartiC ' eS haVin9 3 hi9h chaf 9e 9o forward to the cleaning' step'whi* kepTat 

hence r T* b6CaUSe ° f their Str ° ng adhesion lo *° Photosensitive member, and 

hence the photosensitive member tends not to be completely cleaned 

£S? ^^Tl ^ Char9S ° f ,hS ,0n9r haVin9 P artici P ate d in development on the photosensitive member may 
V be H C ° nt ;° lled t0 an a PP^priate quantity so that any toner originally having a high charge quantity does not 
participate in development on the photosensitive member. 

SI '» ° rder t0nSr Wfth 3 hiQh Charge quan1i,y not to Participate in development on the photosensitive 

member, it ,s necessary tocontrol the charging of the toneror the charging performance of the toner. However, insuf- 
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ficient charging of the toner tends to cause problems such as toner scatter and a lowering of transfer performance of 
the toner. 



[0240] In the toner according to the present invention, since the compound represented by Formula (A) is incorpo- 
rated in toner particles, it has become possible to restrain toner particles from being excessivelycharged and to provide 
the toner with an appropriate charge quantity. Thus, the toner exhibits a stable performance with a superior running 
performance also in the developing step. 

[0241] On the other hand, in the case where the development is reversal development (the toner charge polarity is 
the same polarity as the photosensitive membercharge polarity), if the transfer medium is one readily passing through 
electric fields, such as thin paper, toner particles are strongly charged in a reverse polarity by transfer bias, and the 
toner particles strongly charged in a reverse polarity have a strong adhesion to the photosensitive member, and hence 
the photosensitive member tends not to be completely cleaned. 

[0242] To solve this problem, the toner incorporated with the compound represented by Formula (A) is used in the 
present invention, thus it has become possible to restrain toner particles from being excessively reverse-charged. In 
addition, the use of the toner incorporated with the compound represented by Formula (A) according to the present 
invention makes it easy to control the toner charge quantity affected by transfer bias. 

[0243] The reason therefor is not necessarily clear, and is presumed according to findings by the present inventors 
that the compound represented by Formula (A) prevents a charge-up phenomenon, in which the toner is excessively 
charged in a high quantity, and also makes it hard for toner particles to hold any excessive reverse charge even when 
an electric field reverse to the charge polarity of the toner is applied in the transfer step. 

[0244] The principle of the cleaning-at-development system is that the charge polarity and charge quantity of the 
toner on the photosensitive member are controlled in the respective steps in electrophotography and that a reversal 
development system is employed. 

[0245] It will be described by giving an example. When a negatively chargeable photosensitive member and a neg- 
atively chargeable toner are used, an image rendered visible is transferred to a transfer medium in the transfer step 
by means of a transfer member having a positive polarity, where the charge polarity of the transfer residual toner varies 
from positive up to negative according to the relation between the types of transfer mediums (differences in thickness, 
resistance and dielectric constant) and the area of images. However, the charging member having a negative polarity, 
used to charge the negatively chargeable photosensitive member, can uniformly adjust the charge polarity to the neg- 
ative side even if the polarity of the transfer residual toner has been shifted to the positive side in the transfer step 
together with that of the photosensitive member surface. Hence, when the reversal development is employed as the 
developing system, the transfer residual toner, which stands negatively charged, remains at light-area potential portions 
to be developed, even though toner particles uniformly charged in negative polarity at the time of development are 
present on the photosensitive member surface. At dark-area potential portions not to be developed, the toner is attracted 
toward the toner carrying member due to the development electric field and does not remain thereon. 
[0246] However, in an attempt to form images at a higher process speed by the use of the clean ing-at-development 
system, it is difficult to charge the photosensitive member surface by means of the charging member and also to 
uniformly adjust the charge polarity of the transfer residual toner, in correlation with a decrease in charging time per 
unit area of the photosensitive member. Hence, when the reversal development is used as a development system, the 
transfer residual toner present on the toner's dark-area potential portions not to be developed can be attracted to the 
toner carrying member, and is hard to collect by the aid of the development electric field. Moreover, even if it has been 
collected on the toner carrying member by mechanical force such as rubbing, the transfer residual toner, unless its 
charge is not uniformly adjusted, may adversely affect the charging performance of the toner present on the toner 
-carrying member, to cause a lowering of developing performance. 

[0247] The image forming method employing the cleaning-at-development system is established by controlling the 
charge polarity of the transfer residual toner simultaneously with the charging of the photosensitive member. However 
when the image forming method employing the cleaning-at-development system is used in the formation of images at 
such a higher process speed, it is hard for the charge polarity of the transfer residual toner to be controlled, tending to 
cause faulty collection at development. Also, since the development itself is performed at a higher seed, there is a 
problem that the charge of the transfer residual toner collected at the developing step may more greatly affect the 
developing performance to cause a lowering of developing performance. 

[0248] In addition, when the image forming method employing the cleaning-at-development system is used in the 
formation of images at a high process speed, faulty charging tends to occur because of contamination of the charqinq 
member. 

[0249] Studies made by the present inventors have revealed that, when the image forming method employing the 
cleaning-at-devebpment system is used in the formation of images at a high process speed of 1 20 mm/sec or above, 
or further 150 mm/sec or above, as the process speed of a developing roller, the control of charge polarity must be 
made more quickly in order to improve transfer residual toner collection performance at the time of development, and, 
in order to keep developing performance, the control of charge polarity of the transfer residual toner must be made 
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more surely and uniformly when it passes through the charging member. 

[0250] Especially in the so-called contact charging, in which the charging member is brought into contact with the 
photosensitive member to charge it, its charging mechanism utilizes electric discharge according to the Paschen's law, 
where the adhesion of toner to the charging member may seriously occur which is caused by the facts that the charging 

s member comes into contact with the photosensitive member and the energy of electric discharge deteriorates the toner. 
[0251] In the cleaning system in which the transfer residual toner is removed from the surface of the photosensitive 
member by means of a cleaning member such as a blade or a fur brush, none of studies have ever been made in 
consideration of any influence on the charging of the toner present on the photosensitive member, the performance of 
its -collection to the developing assembly and the developing performance of the toner collected to and reused in the 

10 developing assembly. 

[0252] Accordingly, the present inventors have made extensive studies on various toners, and have discovered that, 
in the image forming method employing the cleaning-at-development system, the performance of charge control at the 
time the toner passes through the charging member is closely concerned with the running performance and image 
quality characteristics, and have discovered especially that the incorporation of thecompound represented by Formula 
(A) into the toner brings about an improvement in the performance of charge control at the time the toner passes 
through the charging member. 

EXAMPLES 



is 



20 



25 



[0253] The present invention will be specifically described below by giving production examples and working exam- 
ples. These by no means limit the present invention. In the following formulation, "part(s)" refers to "part(s) by weight" 
in all occurrences. 



Toner Production 
Example 1 



[0254] Into a 2-liter four-necked flask having a high-speed stirrer TK-type homomixer (manufactured by Tokushu 
Kika Kogyo), 710 parts of ion-exchanged water and 450 parts of an aqueous 0.1 mol/liter Na 3 P0 4 solution were intro- 
30 duced, and the mixture was heated to 60°C with stirring by means of the high-speed stirrer at a number of revolution 
adjusted to 1 0,000 rpm. Then, 68 parts of an aqueous 1 .0 mol/liter CaCI 2 solution was added thereto slowly to prepare 
an aqueous dispersion medium containing fine-particle slightly water-soluble dispersion stabilizer Ca 3 (P0 4 ) 2 . 



35 



40 



Styrene monomer 
n-Butyl acrylate monomer 
Diviny (benzene monomer 

Colorant (carbon black: bulk density: 370 g/cm 3 ) 

Saturated polyester resin (terephthalic acid-propylene oxide modified bisphenol A; acid value- 15 mg 
KOH/g) 

Charge control agent (compound No. 1 ) 
Wax (ester compounds; m.p.: 70°C) 



165 parts 
35 parts 
0.5 part 
1 4 parts 
10 parts 

2 parts 
20 parts 



[0255] Meanwhile, the above materials were dispersed for 3 hours by means of an attritor (manufactured by Mitsui 
45 Mining & Smelting Co., Ltd.), followed by addition of 10 parts of a polymerization initiator 2,2'-azobis(2,4-dimethylva- 
leronitrile) to obtain a polymerizable monomer composition, which was then put into the above aqueous dispersion 
medium to carry out granulation while maintaining the number of revolution of the high-speed stirrer at 10,000 rpm. 
Thereafter, the reaction was carried out at 70°C for 2 hours with stirring by means of paddle stirring blades, and there- 
after polymerization was carried out at 90°C for 1 0 hours. 
so [0256] After the reaction was completed, the suspension obtained was cooled, and diluted hydrochloric acid was 
added thereto to remove the slightly water-soluble dispersion stabilizer, followed by filtration, water washing and drying, 
and further followed by air classification to classify particles to the desired particle size, thus colored particles (A) were 
obtained. 

[0257] To 1 00 parts by weight of theoolored particles (A), 1 .5 parts of a hydrophobic fine silica powder {BET specific 
ss surface area: 250 m2/g) was dry-process mixed by means of a Henschel mixer (manufactured by Mitsui Mining & 
Smelting Co., Ltd.) to obtain toner (A) of the present invention. 

[0258] In particle size distribution of the toner (A) as measured with Coulter Counter Multisizer (manufactured by 
Coulter Co.), its weight-average particle diameter (D4) was 6.8 um number-average particle -diameter (D1) was 5.4 
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u.m, coefficient of variation was 26, and fine-powder content (the proportion of presence of 4.00 or smaller particles 
in number distribution) was 16% by number. Its shape factors SF-1 and SF-2 were 120 and 115, respectively, and the 
value of (SF-2)/( SF-1) was 0.96. 

[0259] Measurement with a flow type particle image analyzer FPIA-1000 (manufactured by Tea lyou Denshi K.K.) 

revealed that the toner had an average circularity (c ) of 0.976 and a circularity standard deviation (SDc) of 0.031 . The 

proportion of particles having a circularity of less than 0.950 was 1 3% by number. 

[0260] The quantity of triboelectricity of the toner (A) was also measured to find to be -45 mC/kg. 

[0261] In the present invention, the quantity of triboelectricity of the toner was measured by suction gauging. First, 

0.5 g of the toner and 9.5 g of a carrier (EFV-200/300, available from Powder Teck Co. ) were weighed out. These were 

put in a polyethylene container, and left for 2 days in a measuring environment (23°C/60%RH). Thereafter, the container 

was hermetically stoppered, and shaked 50 times to prepare a toner-carrier mix sample. 

[0262] A charge quantity measuring device used in the present invention is shown in Fig. 12. In its measuring con- 
tainer 42 made of a metal and provided at the bottom thereof a conductive screen 43 of S00 meshes, having such an 
opening diameter that can capture the carrier and remove only the toner by suction, 1.0 to 1.2 g of the above mix 
sample are weighed out and put, and the container is covered with a plate 44 made of a metal. Next, using a suction 
device connected with the measuring container 42 via an insulating portion, the sample is sucked for 1 minute from a 
suction opening 47 by operating an air-flow control valve 46 to control the pressure indicated by a vacuum indicator 
45 to be 250 mmH 2 0. Here, the charge quantity calculated from the voltage value V (V) indicated by a potentiometer 
49 and from the electrostatic capacity C (pF) of a capacitor 48 is divided by the weight W (g) of the toner having been 
removed by suction, and the value obtained is regarded as quantity of triboelectricity <mC/kg). 



Quantity of triboelectricity (mC/kg) =CV/W 



[0263] The state of the wax contained in toner particles of the toner (A) was observed by TEM to confirm that it was 
encapsulated in substantially a spherical form in such a state that it does not dissolve in the binder resin and vice versa 
as diagrammatically shown in Fig. 10A, and the value of (r/R) st was 0.62. 

[0264] 7 parts of the toner (A) and 93 parts of a resin-coated magnetic ferrite carrier (average particle diameter: 45 
u.m) were blended, thus a two-component developer (A) was also prepared. 

Toner Production 



Examples 2 to 4 



3S [0265] Toners (B) to (D) and two-component developers (B) to (D) were obtained in the same manner as in Toner 
Production Example 1 except that the compound No. 1 and the carbon black were replaced with charge control agents 
and colorants, respectively, shown in Table 3. 

Toner Production 

40 

Example 5 



[0266] 
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Styrene-butyl acrylate copolymer resin (glass transition temperature: 70°C) 
Colorant (carbon black used in Toner Production Example 1: bulk density: 370 g/cm 3 ) 
Charge control agent (compound No. 1) 
Wax (low molecular weight polypropylene; m.p.: 125°C) 



100 parts 
5 parts 
1 part 
4 parts 



[0267] The above materials were mixed, and melt-kneaded by meansof a twin-screw extruder. The kneaded product 
obtained was cooled and thereafter crushed using a hammer mill. The resultant crushed product was pulverized by 
means of a jet mill, and the particles obtained were further heated and made spherical, followed by classification to 
obtain colored particles (E). 

[0268] To 1 00 parts by weight of the colored particles <E), 1 .5 parts of a hydrophobic fine silica powder treated with 
hexamethyldisilazane (BET specific surface area: 200 m 2/g) was dry-process mixed by means of a Henschel mixer to 
obtain toner (E). 

[0269] The wax in toner particles of the toner (E) was found to be dispersed in a finely dispersed state, and the value 
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of (r/R) 6t was 0.01 or below. 

[0270] 7 parts of the toner (E) and 93 parts of a resin-coated magnetic ferrite carrier (average particle diameter 45 
jim) were blended, thus a two-component developer (E) was also prepared. 

Toner Production 
Examples 6 and 7 

L 0 ?? 1 •■ T T rS (F . } 8nd (G) 3nd ^°- com P° nent developers (F) and (G) were prepared in the same manner as in Toner 
Production Example 1 except that the compound No. 1 was used in an amount of 0.2 pari and 7.0 parts, respectively. 

Toner Production 
Comparative Example 1 

[0272] Comparative toner (a) and comparative two-component developer <a) were obtained in the same manner as 
in Toner Production Example 5 except that the treatment to make the particles spherical by heating was not made. 

Toner Production 
Comparative Example 2 

[0273] Comparative toner (b) and comparative two-component developer (b) were obtained in the same manner as 
in Toner Production Example 1 except that the compound No. 1 was replaced with 2 parts of an iron complex salt of 
salicylic acid and the wax was replaced with 4 parts of an acid-modified polypropylene wax (m p ■ 125°C) 

S 02 t 4 1. T o h A 6 £r MllB,i0n ° f t0ner V3riOUS pr °P er,jGS of toner in each Production Example are shown in Table 3 
(as fable 3A-3B). 

Examples 1 to 7 & 

Comparative Examples 1,2 

i 02 ! 51 „ t . h6Se Examples and Comparative Examples, the image forming apparatus as shown in Fig. 2 was used 
As the developing assembly, the one shown in Fig. 3 was used. 

[0276] The photosensitive drum 1 comprises a substrate la and provided thereon a photosensitive layer 1 b havinq 
an organic photo-semiconductor, and is rotated in the direction of an arrow. By means of the charging roller 2 (the 
conducive elastic layer 2a and the mandrel 2b) facing the photosensitive drum 1 and rotating in contact with it the 
surface of the photosensitive drum 1 is electrostatically charged to have a surface potential of about -600 V Exposure 
3 is earned out using a polygon mirror by on-off control on the photosensitive drum 1 in accordance with digital image 
intonation, whereby an electrostatic latent image with an exposed-area potential of -100 V and a dark-area potential 
of -600 V is formed. Using the developing assembly 4-1, a toner image is formed on the photosensitive drum 1 by 
reversal development. The toner image is transferred to the intermediate transfer member 5 (the elastic layer 5a and 
the mandrel 5b as a support). The toner remaining on the photosensitive drum 1 aftertransfer is collected in a residual 
toner container 9 by means of a cleaning member 8. 

[0277] The intermediate transfer member 5 is comprised of the pipe-like mandrel 5b and the elastic layer 5a provided 
thereon by coating, formed of nitrile-butadiene rubber (NBR) in which carbon black conductivity-providing agent has 
been well dispersed. The elastic layer 5a thus formed has a hardness according to JIS K-6301 , of 30 degrees and a 
volume resistivity of 10» Q-cm. Transfer electric current necessary for the transfer from the photosensitive drum 1 to 

so IT ; ntermed,a,e trans,er member 5 about 5 MA, which was obtained by applying a voltage of +500 V to the mandrel 
* v so Trom a power source. 

[0278] The transfer roller 7 has an external diameter of 20 mm, and has an elastic layer 7a formed by coating on a 
mandrel 7b of 1 0 mm diameter, a foamable material of an ethylene-propylene-diene terpolymer (EPDM) in which carbon 
b M. conduct^.ty.prov.ding agent has been well dispersed. As the elastic layer 7a, the one showing a volume resistivity 

ss „ ♦ 3 eSS accordin 9 to JIS K-6301, of 35 degrees was used. A voltage was applied to the transfer 

5* roller to flow a transfer current of 1 5 \iA. 

[0279] In the heat fixing assembly H, a fixing assembly of a hot-roll type having no function of oil application was 
used. Here as both the upper roller and the lower roller, those having surface layers of fluorine resin were used, having 
roller diameter of 60 mm. The fixing temperature was set at T60°C, and the nip width at 7 mm. 
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[0280] Under the above conditions, a 1 0,000-sheet printing test was made in an environment of normal temperature 
and normal humidity (25°C, 60%RH) at a printing rate of 12 sheets(A4-size)/minute in a monochromatic intermittent 
mode (i.e., a mode in which the developing assembly was made to pause for 10 seconds every time the images were 
printed on one sheet so that the deterioration of the toner was accelerated by preliminary operation of the developing 
assembly when again driven) while successively supplying each of the two-component developers (A) to (G) and the 
comparative two-component developers (a) and (b). Then, evaluation on printed images thus obtained was made in 
respect of the items shown later. 

[0281] At the same time, the matching of the above developers to the image forming apparatus used was also eval- 
uated. 

[0282] The transfer residual toner collected by cleaning was transported to the developing assembly through the 
reuse mechanism, and reused. 

[0283] The results of the above evaluation are shown in Table 4. 

[0284] Examples 1 to 4 show especially good results on the matching to image forming apparatus. With regard to 
the reasons therefor, the present inventors consider that in the present invention the shape distribution of toner and 
the internal structure of toner have precisely been controlled, and hence the following two points have cooperatively 
acted, one being that the superior charge-providing ability the charge control agent according to the present invention 
has can readily be exhibited and the other being that the toner of the present invention has restrained image forming 
apparatus from contamination. 



20 Example 8 



[0285] In the present Example, a reuse mechanism was attached to a commercially available laser beam printer 
LBP-EX (manufactured by CANON INC. ) to remodel the printer, which was again set up and used. As a primary charging 
roller, a rubber roller (diameter: 12 mm; contact pressure: 50 g/cm) in which conductive carbon was dispersed, and 
covered with a nylon resin, was used. On the electrostatic latent image bearing member (photosensitive drum), a dark- 
area potential V D of -700 V and a light-area potential V L of -200 V were formed by laser exposure (600 dpi). As the 
toner carrying member, a developing sleeve whose surface was coated with a resin having carbon black dispersed 
therein and had a surface roughness Ra of 1.1 was used, where its surface movement speed was so set as to be 1.1 
times the movement speed of the photosensitive drum surface, and then the gap (S-D distance) between the photo- 
sensitive drum and the developing sleeve was set at 270 um As the toner regulation member, a blade made of urethane 
rubber was used in contact with the developing sleeve. As the development bias, a bias formed by superimposing an 
AC bias component on a DC bias component was used. The fixing temperature of the heat-fixing assembly was set 
at150°C. 

[0286] Under the above conditions, a 5,000-sheet printing test was made in an environment of high temperature and 
high humidity (30°C, 80%RH) at a printing rate of 12 sheets(A4-size)/minute in an intermittent mode (i.e., a mode in 
which the developing assembly was made to pause for 30 minutes every time the images were printed on 100 sheets 
so that the deterioration of the toner was accelerated by preliminary operation of the developing assembly when again 
driven) while successively supplying the toner (A). Then, the printed images thus formed were evaluated to obtain 
good image reproduction results that the image density was good and stable and image fog little occurred. 
[0287] The matching of the above toner to the image forming apparatus was also good. 

Example 9 



[0288] In an environment of normal temperature and normal humidity (25°C, 60%RH), evaluation was made in the 
same manner as in Examples 1 to 7 except that the developing assembly of the image forming apparatus, shown in 
Fig. 3, was replaced with the one shown in Fig. 4, the movement speed of the toner carrying member surface was so 
set as to be 3.0 times the movement speed of the electrostatic latent image bearing member surface, and images were 
printed in a monochromatic intermittent mode (i.e., a mode in which the developing assembly was made to pause for 
1 minutes every time the images were printed on one sheet so that the deterioration of the toner was accelerated by 
preliminary operation of the developing assembly when again driven) while successively supplying the toner (A). 
[0289] The toner carrying member used here had a surface roughness Ra of 1.5, and the toner regulation blade 
used was the one comprising a phosphor bronze base plate to which urethane rubber was bonded and the side coming 
into contact with the toner carrying member of which was coated with nylon. Also, in the heat fixing assembly H, a 
fixing assembly shown in Figs. 5 and 6 was used. The surface temperature of a temperature detector 31d of a heating 
element 31 (31 a: heater substrate; 31b: heating element; 31c: surface protective layer; 31 d: temperature detector) was 
set at 140°C, the total pressure between the heating element 31 and a spongy pressure roller 33 having a foam of 
silicon rubber in its lower layer was set to be 8 kg, and the nip between the pressure roller and a fixing film 32 was set 
to be 6 mm. As a fixing film 32, a60 u/n thick heat-resistant polyimide film was used which hadon its side coming into 
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contact with the transfer medium a low-resistance release layer formed of PTFE (of a high-molecular- weight type) 
having a conductive material dispersed therein. The results of evaluation are summarized in Table 5. 

Example 10 

5 

[0290] Using the image forming apparatus shown in Fig. 2, the two-component developers (A) to (D) were put into 
the respectively corresponding developing assemblies 4-1 , 4-2, 4-3 and 4-4. Full<olor images were reproduced in an 
environment of 25°C and 60%RH at a printing speed of 3 sheets(A4-size)/minute, and images formed were evaluated. 
As a result, the matching to the developing sleeve, photosensitive drum, intermediate transfer member and fixing 
10 assembly was good, and full-color images having good image characteristics were rerpoduced. 

[0291] The evaluation items stated in Examples and Comparative Examples and their evaluation criteria are as 
described below. 

- Printed-lmage Evaluation - 

15 

(1) Image density: 



[0292] Evaluated on how image density was maintained when images were printed on a prescribed number of sheets 
of usual plain paper (75 g/m 2 ) for copying machines. The image density was measured with MACBETH REFLECTION 
20 DENSITOMETER (manufactured by Macbeth Co.), as relative density with respect to an image printed on a white 
ground area with a density of 0.00 of an original. 

A: 1 .40 or more. 
B: From 1 .35 to less than 1 .40. 
& C: From 1 .00 to less than 1 .35. 

D: less than 1.00. 



30 



(2) Image fog: 



[0293] Fog density (%) was calculated from a difference between the whiteness at a white background area of images 
and the whiteness of the recording medium to make evaluation on image fog, which was measured with REFLEC- 
TOMETER (manufactured by Tokyo Denshoku Co., Ltd.). 



A: Less than 1 .5%. 
3S B: From 1.5% to less than 2.5%. 

C: From 2.5% to less than 4.0%. 
D: More than 4.0%. 



<3) Image blank areas: 

40 

[0294] A character pattern as shown in Fig. 13A was printed on a cardboard, where evaluation was visually made 
by examining any blank areas (the state shown in Fig. 13B) in character areas. 

A: Blank areas little occur. 
45 B: Slight blank areas are seen. 

C: Blank areas are a little seen. 

D: Conspicuous blank areas are seen. 



- Evaluation on Matching to Image Forming 

so 

Apparatus - 

(1) Matching to developing sleeve: 

[0295] After the printing test was finished, evaluation was visually made by examining any sticking of the toner re- 
maining on the developing sleeve surface and how it affects printed images. 

A: No sticking occurs. 
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B: Sticking little occurs. 

C: Sticking is a little seen, but less affects images. 
D: Sticking is greatly seen, and uneven images occur. 

(2) Matching to photosensitive drum: 



[0296] After the printing test was finished, evaluation was visually made by examining any scratches on the photo- 
sensitive drum surface and any sticking of the toner remaining thereon, and how they affect printed images 

10 A: None of them occurs. 

B: Scratches are seen to slightly occur, but do not affect images. 

C: Sticking and scratches are seen, but less affect images. 

D: Sticking is greatly seen, and faulty images occur as vertical lines. 



is 



(3) Matching to intermediate transfer member: 

[0297] After the printing test was finished, evaluation was visually made by examining any scratches on the inter- 
mediate transfer member surface and any sticking of the toner remaining thereon. 

20 A: None of them occurs. 

B: Scratches are seen to slightly occur, but do not affect images. 

C: Sticking and scratches are seen, but less affect images. 

D: Sticking is greatly seen, and faulty images occur as vertical lines. 

25 (4) Matching to fixing assembly: 

[0298] After the printing test was finished, evaluation was visually made by examining any scratches on the fixing 
roller or fixing film surface and any sticking of the toner remaining thereon. 

30 A: None of them occurs. 

B: Little occur. 

C: Sticking and scratches are seen, but less affect images. 

O: Sticking is greatly seen, and faulty images occur as vertical lines. 

3S Toner Production 
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iJ nt ° 3 2 " l,ter four * necked f,ask havin 9 a high-speed stirrer KUREA MIX (manufactured by Emu Technique 
Co.), 700 parts of ion-exchanged water and 800 parts of an aqueous 0.1 mol/liter Na 3 P0 4 solution were introduced 
and the mixture was heated to 65*C with stirring by means of the high-speed stirrer at a number of revolution set to 
15,000 rpm. Then, 70 parts of an aqueous 1.0 mol/liter CaCI 2 solution was added thereto to prepare an aqueous 
dispersion medium containing fine-particle slightly water-soluble dispersion stabilizer Ca 3 {P0 4 ) 2 . The aqueous disper- 
sion medium was reprepared by adding diluted hydrochloric acid *o that the pH of the aqueous dispersion medium 
becomes 5.0. 

[0300] Meanwhile, as a dispersoid, the following was used. 



Styrene monomer 

2-Ethylhexyl acrylate monomer 

Divinylbenzene monomer 

Colorant <carbon black: volatile: 1.0%) 

Polycarbonate resin (peak molecular weight: 7,500) 

Charge control agent (compound No. 1) 

Ester wax A 



77 parts 
23 parts 
0.2 part 
5 parts 
5 parts 
2 parts 
7 parts 



[0301] The ester wax A, and ester wax B used in Toner Production Example 1 2 described later were produced from 
the following long-chain alkylcarboxylic acids and long-chain alkyl alcohols. Physical properties of the ester waxes A 
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and B are shown in Table 6. 

[0302] Long-chain alkylcarboxylic acid components: 

Palmitic acid (C 16 H3 2 0 2 ) 

Stearic acid (C, 8 H 36 0 2 ) 

Arachidic acid (CgoH^Os) 

Behenb acid (C^H^Og) 

Lignoceric acid (C^H^cy 

io [0303] Long-chain alkyl alcohol components: 

Palmityl alcohol (C^H^O) 
Stearyl alcohol (C^H^O) 

- Arachidyl alcohol (C 20 H 42 O) 

- Behenyl alcohol (C 22 H 46 0) 

{0304] The above materials were dispersed tor 3 hours by means of an attritor, followed by addition of 7 parts of 2 2'- 
azobts(2,4-dimethylvaleronitrile) to prepare a polymerizable monomer composition. ' 

[0305] Next, the polymerizable monomer composition was put into the above aqueous dispersion medium to carry 
out granulation with stirring for 15 minutes in an atmosphere of N 2 and internal temperature of 70»C and while main- 
tain. ng the number of revolution of the high-speed stirrer at 15,000 rpm. Thereafter, the stirrer was replaced with a 
stirrer having paddle stirring blades, and the same temperature was maintained while stirring the system at 80 rpm 
5! T^l! po,ymer,2ation inversion of the polymerizable monomer composition reached 93%, an aqueous 0 1 
mol/liter NaOH solution was added to change thepH of the aqueous dispersion medium to 12. The reaction temperature 
was further raisedto 80'C, and the polymerization reaction was completed at the time the polymerization conversion 
reached nearly 100%. 

[0306] After the polymerization was completed, residual monomers were evaporated off under reduced pressure 
and then, after cooling, diluted hydrochloric acid was added thereto to dissofce the slightly water-soluble dispersion 

2 ,'" 9 TXT WaS J urther re P ea,ed several « mes - *°"™ed by drying by means of a conical ribbon 

dryer (manufactured by Ohkawara Seisakusho), thus colored particles (H) were obtained 

[0307] 100 parts by weight of the colored particles (H) and 2 parts of a hydrophobic oil-treated fine silica powder 
(BET specific surface area: 200 rrftg) were dry-process mixed by means of a Henschel mixer Manufactured by Mitsui 
Mining & Smelting Co., Ltd.) to obtain toner (H) of the present invention 

[0308] In particle size distribution of the toner (H), its weight-average particle diameter (D4) was 6 5 urn coefficient 
of var.at.on was 21 . and fine-powder content was 1 0% by number. Its shape factors SF-1 and SF-2 were 1 13 and 1 11 

w a To C c«? y ' JS Va .' Ue ° f (SF " 2)/( SF ' 1) W3S °- 9a ' n rtS CifCularit y f W** distribution, the average eirculartty 

n ™ K he C,rC "' anty S,andard devia,ion was ° 026 - The Proportion of particles having a circularity of less than 

u.you was o/o oy number. 

[0309] The state of the wax contained in toner particles of the loner (H) was observed by TEM to confirm that it was 
encapsulated .n substantially a spherical form in such a state that it does notdissolve in the binder resin and vice versa 
as diagrammatically shown in Fig. 11 A, and the value of (r/R) st was 0.43. 

Toner Production 

45 Examples 9 to 14 

[0310] Colored particles (I) to (N) were produced and then toners (I) to (N) of the present invention were prepared 
in he same manner as in Toner Production Example 8 except that the types and amount of the charge control agent 
colorant and wax and the pH of the aqueous dispersion medium at the time of the polymerization reaction were changed' 



so 



ss 



Toner Production 
Comparative Examples 3 and 4 



[0311] Comparative colored particles (c) and (d) were produced in the same manner as in TonerComparative Pro- 
duct.on Example 1 except that the types of the charge control agent, colorant and wax were changed 
[0312] 100 parts by weight of each of the comparative colored particles (c) and (d) and 2 parts of a hydrophobic oil- 
treated fine sites powder (BET specific surface area. 200 rr^/g) were. dry-process mixed by means of a Henschel mixer 
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to obtain comparative toners (c) and <d), respectively. 
Toner Production 



Comparative Example 5 

[0313] Comparative colored particles (e) were produced and then comparative toner (e) was prepared in the same 
manner as in Toner Production Example 8 except that 2 parts of a boron complex of salicylic acid was used as the 
charge control agent, 4 parts of modified polyethylene wax (m.p.: 115°C) was used as the wax, and the pH of the 
aqueous dispersion medium at the time of polymerization reaction was made constant. 

[0314] Toner formulation and production conditions in each Toner Production Example are shown in Table 7, and 
various properties of the tones obtained are shown in Table 8. 



Photosensitive Drum 



Production Example 

[0315] An aluminum cylinder of 30 mm diameter and 254 mm long was used as a substrate, and layers with config- 
uration as shown below were successively formed thereon in layers by dip coating. Thus, photosensitive drum (1 ) was 
produced. 



(1) Conductive coating layer: Mainly composed of powders of tin oxide and titanium oxide dispersed in phenol 
resin. Layer thickness: 15 um 

(2) Subbing layer: Mainly composed of a modified nylon and a copolymer nylon. Layer thickness: 0.6 um 

<3) Charge generation layer Mainly composed of an azo pigment having absorption in long wavelength range, 
dispersed in butyral resin. Layer thickness: 0.6 urn 

(4) Charge transport layer: Mainly composed of a hole-transporting triphenylamine compound dissolved in poly- 
carbonate resin (molecular weight: 20,000 as measured by Ostwald viscometry) in weight ratio of 8:10, and in 
which polytetrafluoroethylene powder (average particle diameter: 0.2 |im) was further added in an amount of 10% 
by weight based on the total solid content and uniformly dispersed. Layer thickness: 25 jim. 

[0316] The contact angle to water of the surface of Photosensitive Drum (1 ) thus obtained was 95 degrees. 
[031 7] The contact angle was measured using pure water and using a contact angle meter Model CA-DS, manufac- 
tured by Kyowa Kaimen Kagaku K.K. 

Example 11 



[0318] As an image forming apparatus, a 600 dpi laser beam printer LBP-8 Mark IV (manufactured by CANON INC.) 
was made ready for testing. This apparatus was remodeled, images were printed at a process speed of 80 mm/sec 
and on 12 sheets per minute as LTR (letter) size paper. As shown in Fig. 7, this apparatus has the following process: 
The surface of the photosensitive member 56 (30 mm diameter) is uniformly charged using the charging roller to which 
DC and AC components have been applied. Here, the DC component is controlled to a constant voltage and the AC 
component is controlled to a constant current. Subsequent to the charging, images areas are exposed to laser light 
60 to form an electrostatic latent image, which is then made into a visible image by the use of the toner 50 to form a 
toner image, and thereafter the toner image is transferred to the transfer medium 58 by means of the transfer roller 57 
to which a voltage has been applied. 

[0319] Next, the developing assembly 52 of the process cartridge was also modified in the following way: In place 
of the toner feeding member aluminum sleeve internally provided with a magnet, a medium-resistance rubber roller 
(diameter. 16 mm) formed of silicone rubber whose resistance had been controlled by dispersing carbon black in it 
was used as the toner carrying member 54 and was brought into contact with the photosensitive member 56. The toner 
carrying member 54 was so driven that the movement of its surface was in the same direction as that of the surface 
of the photosensitive member 56 at the former's part coming into contact with the latter and its rotational peripheral 
speed was 1 50% with respect to the rotational peripheral speed of the photosensitive member; i.e., the toner carrying 
member was rotated at a peripheral speed of 1 20 mm/sec, and at a relative peripheral speed of 40 mm/sec with respect 
to the surface of the photosensitive member. 

[0320] As a means for coating the toner on the toner carrying member, the tonercoating rollerS5 was provided inside 
the developer container and was brought into contact with the toner carrying member. The tonercoating roller 55 was 
so rotated that the movement direction of its surface was opposite to the movement direction of the surface of the -toner 
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40 



carrying member at the contact part, and in this way the toner was coated on the toner carrying member Also for the 

Tl T r °' ° f t0nGr ° n the t0ner Carryln9 member ' a ---coated bTade 53 made o^n ess 
Tn£,T ^ C ^ AS the deaning member 59 ' a b,ade made of "Ethane rubber was used 
[0321] The photosensitive drum (1), produced in Photosensitive Drum Production Example 1 was used as the oho 



development conditions. 

Photosensitive member dark-area potential: -700 V 
Photosensitive member light-area potenlial: -150 V 
10 Development bias: -450 V (DC component only) 



Sht! \ ] 1 1 P . P,y ' n9 thS ,0ner ^ herea ^ er - the evaluation environment was changed to an environment ol 
h,gh temperature and h.gh humidity (30»C, 80%RH) to make a further 3,000 sheet printing test anS pSZaei 
were evaluated. As a result, good results were obtained on al. of image density, prevention o Wack ^poT ToZTnt 
.mages, prevention of image blank areas, prevention of tog, and dot reproductoHrty. Also any teulty Z 

was Len ^ ? ' Ph0t0sens,t,ve member and fixi "9 ^sembly were examined, but no mett-adhesion of tone? 
was seen, and it was unnecessaiy to change them for new ones. 
[0323] The results of evaluation are shown in Table 9. 



Example 12 



[0324] The procedure of Example 11 was repeated except the following 

Sh?«„L he ^1 Ca 7l n9 member WaS S ° drlVen ,hat thS moveme "t <* "s surface was in the same direction as that 
of the surface of the photosenertive member at the former's part coming into contact with the latter and itsrctationa 

ESS SP , 200% W " h reSP6Ct l ° ^ * ,hS ph ° tOSens itive memb ^ »*. toner casing rn^wTe 

se s i:7«ztzr«z m ^ and at a re,a " e peripherai — °< 80 — * *~ 

[032S] Process conditions were so set as to fulfill the following development conditions. 
Development bias: -500 V (DC component only) 

fo^mnt^h^r 8 T" 9 t8St Wa !, made thS Same mannef 38 in Exam P ,e 11 • As a ™* though slightly inferior 
SfSS, J ■ ^w eVerer condrtlons due to a hi 9her process speed, good results were obtained on the whote 

Any faulty cleaning also d,d not occur, and the image quality equa. to that of initial stage was attained MeTthe pSno 

SZiSTT* ♦ SUrfaCeS °' deVel ° Pin9 rOHer ' P hotosen ^tive member and fixing assembly were^ ^examS 
ran me £ adhes ;° n f toner was see ". and « was unnecessary to change them for new ones. ' 
10328] The results of evaluation are shown in Table 9. 

Examples 13 to 18 



[0329] Printing tests were made in the same manner as in Example 11 except for using the toners (I) 1o (N) resoec- 

« tne wh a o!e r Eva,uation was made simi,ar,y - As ,he resu,t - as shown in Tab,e * «S- iSSTSS J2£K 

Comparative Examples 3 to 5 



so 



ss 



[0330] Printing tests were made in the same manner as in Example 11 except for using the comparative toners <c) 
Toll 1, TJ : r ? T""' EVa ' Ua,i0n WaS made Simi ' ar,y - The results ot evaluation are shown inTb.eT 

S JUSSS b rt :~ h Examp,es 11 to 18 and Compara,ive E * am > ,es 3 to 5 - — — 

- Printed-lrnage Evaluation - 
(1) Image density: 

[0332] Evaluated according to the evaluation criteria for the image evaluation in Example 1 . 
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<2) Spots around line images: 

f0333] This is evaluation on spots around fine line images, concerning image quality of graphical images. Evaluation 
was visually made by examining the reproducibility of line images and any spots of toner around line images formed 
when one-dot line images tending to cause spots around line images than character images were printed on Diane 
paper (75 g/m 2 ). K 

A: Spots around line images little occur, showing a good line reproducibility. 

B: Very slight black spots around line images are seen. 

C: Spots around line images are slightly seen, less affect line reproducibility. 

D: Conspicuous black spots around line images are seen, showing a poor line reproducibility. 

(3) Image blank areas: 

[0334] Evaluated according to the evaluation criteria for the image evaluation in Example 1 . 

(4) Image fog: 

[0335] Evaluated according to the evaluation criteria for the image evaluation in Example 1 . 

(5) Dot reproducibility: 



[0336] Images of a pattern of isolated dots of small diameter (50 urn each) as shown in Fig. 1 4, which tend to form 
closed electric fields on account of latent image electric fields and are difficult to reproduce, were printed and the 
2S reproducibility of the dots was evaluated. 

A: Missing dots are 2 or less per 100 dots. 
B: Missing dots are 3 to 5 per 100 dots. 
C: Missing dots are 6 to 10 per 100 dots. 
30 D: Missing dots are 11 or more per 100 dots. 

- Evaluation on Matching to Image Forming 

Apparatus - 

(1) Matching to developing roller: 

[0337] After the printing test was finished, evaluation was visually made by examining any sticking of the toner to 
the developing roller surface and how it affects printed images. 

A: No sticking occurs. 

B: Contamination a little occurs, but sticking little occurs. 
C: Sticking occurs, but less affect images. 
D: Sticking greatly occurs, and uneven images occur. 



(2) Matching to photosensitive member: 

[0338] Evaluated according to the evaluation criteria for the matching evaluation in Example 1 . 
50 (3) Matching to fixing assembly: 

[0339] Evaluated according to the evaluation criteria for the matching evaluation in Example 1 . 
Example 1 9 



[0340] Images were formed in the same manner as in Example 11 except that, in the image forming apparatus used 
therein, the toner coating roller 55 in the developing assembly 52 was replaced with a -sponge roller constituted of a 
single layer and a bias voltage was applied to the toner coating roller 55 from a bias applying means <not shown) 
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[0341] In this development, only a DC component of -300 V was applied as the development bias voltage to the 
developing roller 54, and only a DC component of -450 V was applied as the coating bias voltage to the toner coating 
roller 55. 

[0342] Evaluation was made in the same manner as in Example 11 . As a result, the image density and the prevention 
s of image fog were both stable and good, any faulty cleaning did not occur, and good image quality was attained. The 
matching to image forming apparatus was also good. 

Example 20 

10 [0343] Images were formed by using the toner <H) in the developing assembly 4-4 of the image forming apparatus 
shown in Fig. 2. 

[0344] In the image forming apparatus, as shown in^Fig. 2, a cleaner having a cleaning member coming intocontact 
with the photosensitive member surface as a first cleaning means for removing the toner remaining on the photosen- 
sitive member surface after primary transfer is provided between the primary-transfer zone and the charging zone 
is where the photosensitive member is charged, and a cleaner having a cleaning member coming intocontact with the 
intermediate transfer member surface as a second cleaning means for removing the toner remaining on the intermediate 
transfer member surface after secondary transfer is provided on the downstream side of the secondary-transfer zone 
and the downstream side of the primary-transf er zone. 

[0345] As the developing assembly 4-4, a developing assembly constituted like the developing assembly 78 shown 
20 in Fig. 9 was used. 

[0346] A medium-resistance rubber roller (diameter: 16 mm) formed of silicone rubber whose resistance had been 
controlled by dispersing carbon black in it was used as the toner carrying member 79 and was brought into contact 
with the photosensitive member surface. The toner carrying member 79 was so driven that the movement of its surface 
was in the same direction as that of the surface of the photosensitive member surface at the former's part coming into 
contact with the latter and its rotational peripheral speed was 150% with respect to the rotational peripheral speed of 
the photosensitive member. Namely, the toner carrying member was rotated at a peripheral speed of 120 mm/sec and 
at a relative peripheral speed of 80 mm/sec with respect to the surface of the photosensitive member. 
[0347] As a means for coating the toner on the toner carrying member, a sponge roller constituted of a single layer 
was provided as the toner coating roller 82 and was brought into contact with the toner carrying member. The toner 
30 coating roller 82 was so rotated that the movement direction of its surface was opposite to the movement direction of 
the surface of the tonercarrying member at the contact part, and in this way the toner was coated on the toner carrying 
member. Also., for the purpose of coat layer control of the toner on the toner carrying member, a resin-coated blade 
86 made of stainless steel was attached. 

[0348] The photosensitive drum (1 ), produced in Photosensitive Drum Production Example 1 , was used as the pho- 
35 tosensitive member. Imageforming conditions we re so set as to fu If ill the following development and transfer conditions. 

Photosensitive member dark-area potential: -700 V 
Photosensitive member light-area potential: -150 V 

Development bias applied to the toner carrying member: -450 V (DC component only) 
Coating bias applied to the toner coating roller: -300 V (DC component only) 

Transfer bias applied to the intermediate transfer member in the primary transfer step: 300 V (DC component only) 
Transfer bias applied to the transfer roller in the secondary transfer step: 1 ,000 V (DC component only) 



25 



40 



45 



SO 



SS 



[0349] Under the above image forming conditions, toner images transferred to transfer mediums were heat-fixed to 
the recording mediums by means of the following heat fixing assembly 

[0350] As the heat fixing assembly H, a fixing assembly of a heat roll system having no function of oil application 
was used. Here, the fixing assembly used had fluorine resin surface layers on both the upper roller and the lower roller, 
and the rollers each had a diameter of 60 mm. The fixing temperature was set at 150°C, and the nip width in 7 mm. 
[0351] Using the image forming apparatus constituted as described above, a 5,000 sheet continuous printing test 
was made. As a result, high-quality images with high density and free of image stains were obtained. 
[0352] The matching to image forming apparatus was also good. 

Example 21 

[0353] As the image forming apparatus shown in Fig. 7, a '600 dpi laser beam printer 4.BP-860 ^manufactured by 
CANON INC.) was made ready for testing. The printer was modified on the following points and remodeled into an 
apparatus employing the clean ing-at-development system. 

[0354] Prom the process cartridge, the -cleaning rubber blade was detached. The charging system was changed for 
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the contact charging system in which a rubber roller is brought into contact, and a voltage of a DC component <-1 400 
V) was applied, and the process speed was changed to 94 mm/sec. Correspondingly to the process speed made 
higher, conditions are set severer for uniform charging of the photosensitive member. 
[0355] The photosensitive drum (1 ) was used as the photosensitive member. 

[0356] Next, the developing part of the process cartridge was modified. A medium-resistance rubber roller (diameter 
16 mm; hardness: ASKER C 45 degrees; resistance: 105 Q<m) formed of foamed uret hane was used in place of the 
toner carrying member stainless steel sleeve, and was brought into contact with the photosensitive member The toner 
carrying member was so driven that the movement of its surface was in the same direction as that of the surface of 
the photosensitive member at the former's part coming into contact with the latter and its rotational peripheral speed 
was 1 30% with respect to the rotational peripheral speed of the photosensitive member. 

[0357] As a means for coating the toner on the toner carrying member, a toner coating roller was provided in contact 
with the toner carrying member in the developing part. Also, for the purpose of coat layer control of the toner on the 
toner carrying member, a resin-coated blade made of stainless steel was attached. The development bias applied to 
the toner carrying member at the time of development was changed to a DC component (-450 V) only. 
[0358] The image forming apparatus was so modified and process conditions were so set as to fit such modification 
of the process cartridge. 

[0359] With regard to the charge potential of the photosensitive member, its dark-area potential was set at -800 V, 
and light-area potential at -1 50 V. Paper of 75 g/m* in basis weight was used as transfer mediums. 
[0360] Using the toner (H), character images with a printed area percentage of 4% were continuously printed on 100 
sheets in an environment of normal temperature and normal humidity (25°C, 60%RH), and thereafter, images were 
evaluated and any .mage stains due to faulty charging were examined. As a result, good results were obtained on all 
of image density, prevention of image stains, transfer performance, prevention of fog, and dot reproducibility The 
quantity (mg) of toner adhering to the charging roller per unit surface area (cm*) was also measured to find that it was 
as very small as 0.01 mg/m* After the evaluation at the initial 100-sheet printing was completed, images were contin- 
uously printed on further 2,000 sheets, and images were again evaluated, whereupon the same image quality as that 
of initial stage was attained. Also, the photosensitive member and the developing roller were both observed, where 
any melt-adhesion of toner did not occur, and and it was unnecessary to change them for new ones. 
[0361] The results of evaluation are shown in Table 10. 



Example 22 

[0362] Evaluation was made in the same manner as in Example 21 except that the process speed was made higher 
to 120 mm/sec. As the result, though slightly inferior to Example 21 because of severer conditions due to a higher 
process speed, good results were obtained on the whole. 

Examples 23 to 25 

[0363] Printing tests were made in the same manner as in Example 21 except for using the toners (L) to (N) respec- 
tively, as the toner. Evaluation was made similarly. The results are shown in Table 10. 

Comparative Examples 6 to 8 

[0364] Printing tests were made in the same manner as in Example 21 except for using the comparative toners (c) 

to (e), respectively, as the toner. Evaluation was made similarly. The results are shown in Tnable 10. 

[0365] In Comparative Examples 6 and 7, which made use of toners not satisfying the specific shape of the present 

invention, the toner came to seriously adhere to the charging roller surface with progress of running, and the tests were 

stopped halfway because it was difficult to continue the 2, 000-sheet continuous printing tests. 

[0366] The evaluation items stated in Examples 21 to 25 and Comparative Examples 6 to 8 and their evaluation 

criteria are as described below. 

- Printed-Image Evaluation - 

(1) Image density: 

[0367] Evaluated according to the evaluation criteria for the image evaluation in Example 1 . 
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\2) Image stains: 

[0368] A halftone image constituted of one-dot lines and one-dot spaces was printed on plane paper (75 g/m 2 ) where 
evaluation was visually made by examining occurrence of any image stains. 

A: No stain occurs. 

B: Stains are slightly seen. 

C: Stains in fine black spots are seen. 

D: Periodical belt-like stains or vertical-line stains are seen. 

(3) Image blank areas: 

[0369] Evaluated according to the evaluation criteria for the image evaluation in Example 1 . 

(4) Image fog: 

[0370] Evaluated according to the evaluation criteria for the image evaluation in Example 1 . 

(5) Dot reproducibility: 

[0371] Evaluated according to the evaluation criteria for the image evaluation in Example 11 . 

- Charging Roller Toner Adhesion - 

[0372] The quantity of the toner per unit area having adhered to the charging roller per unit surface area was meas- 
ured. The less the quantity of the toner adhering is, the better it is meant to be. 

A: Less than 0.20 mg/cm 2 . 
B: From 0.20 mg/cm 2 to less than 0.35 mg/cm 2 . 
C: From 0.35 mg/cm 2 to less than 0.55 mg/cm 2 
D: More than 0.55 mg/cm 2 . 

- Evaluation on Matching to Image Forming 
Apparatus - 

(1) Matching to developing roller: 

[0373] Evaluated according to the evaluation criteria for the matching evaluation in Example 1 1 . 

(2) Matching to photosensitive member: 

[0374] Evaluated according to the evaluation criteria for the matching evaluation in Example 1 . 

(3) Matching to fixing assembly: 

[0375] Evaluated according to the evaluation criteria for the matching evaluation in Example 1 . 
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Claims 



1 . A toner comprising toner particles containing at least a binder resin, a wax and a compound represented by Formula 

(A): 



10 



o 

l-o. 



o 



"( A ) 



75 



20 



wherein and R 4 each represent a substituted or unsubstituted aromatic group, inclusive of a condensed ring; 
R 2 and R 3 each represent a hydrogen atom, an alkyl group, a substituted or unsubstituted aromatic group, inclusive 
of a condensed ring; M represents an element selected from B, Ti, Fe, Co, Cr, Al and Ni; and X n+ represents acation, 
said toner having shape factors SF-1 and SF-2 with a value of 100 < SF-1 < 160 and a value of 100 < SF-2 
< 140. 

2. The toner according to claim 1 , wherein the shape factor SF-1 is 100 < SF-1 < 150 and the shape factor SF-2 is 
100 < SF-2 < 130. 



25 



The toner according to claim 1 , wherein the shape factor SF-1 is 100 < SF-1 < 140 and the shape factor SF-2 is 
100 < SF-2 < 120. 



4. The toner according to claim 1 , wherein the ratio of the shape factor SF-1 to the shape factor SF-2, (SF-2)/(SF- 
1), is in a value of 1 or less. 
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5. The toner according to claim 1 , which has an average circularity of from 0.920 to 0.995 and a -circularity standard 
deviation of less than 0.040 in its circularity frequency distribution as measured with a flow type particle image 
analyzer. 

6. The toner according to claim 1 , which has an average circularity of from 0.950 to 0.995 and a circularity standard 
deviation of less than 0.040 in its circularity frequency distribution as measured with a flow type particle image 
analyzer. 

7. The toner according to claim 1 , which has an average circularity of from 0.970 to 0.990 and a circularity standard 
deviation of Irom 0.015 to less than 0.035 in its circularity frequency distribution as measured with a flow type 
particle image analyzer. 

8. The toner according to claim 1, wherein a toner having an average circularity less than 0.950 in its circularity 
frequency distribution is in a content of 15% by number or less. 

9. The toner according to claim 1 , which has a weight-average particle diameter of from 4 urn to 9 um 

10. The toner according to claim 1 , which has a coefficient of variation in number distribution, of 30 or less. 

11. The toner according to claim 1, wherein a toner fine powder having particle diameters of 4.00 u.m or smaller in 
number distribution is in a content not more than 25% by number. 

1 2. The toner according to claim 1 , which has a weight-average particle diameter of from 4 uin to 9 u.m, has acoefficient 
of variation in number distribution, of 30 or less, and has a toner fine powder having particle diameters of 4.00 um 
or smaller in number distribution in a content not more than 25% by number 

13. The toner according toclaim 1, which has a weight-average particle diameter of from 4 urn to 9[irr\, has a coefficient 
of variation in number distribution, of 25 or less, and has a toner fine powder having particle diameters of 4.00 ujti 
or smaller in number distribution in a content not more than 20% by number. 
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14. The toner according to claim 1 , wherein said wax is dispersed in the form of substantially a spherical or spindle- 
shaped island or islands in such a way that, when in cross-sectional observation of toner particles on a transmission 
electron microscope (TEM); 

(1 ) twenty planes of cross sections of toner particles having length R (urn) satisfying the relation of 0.9 < R/ 
D4 < 1 .1 with respect to weight-average particle diameter D4 (pirn) are picked up; and 

(2) each length r of the largest among phase-separated structures ascribable to the wax present in the cross- 
sectional plane of the toner particles thus picked up is measured; 

the arithmetic mean value of r/R, (r/R)^, thus determined satisfies: 

0.05 <c (r/R) st £ 0.95. 

15. The toner according to claim 14, wherein the (r/R) st satisfies: 

0.25 < (r/R) st < 0.90. 

16. The toner according to claim 1 , wherein said wax has a maximum endothermic peak at from 50°C to 100°C at the 
time of temperature rise, in the DSC curve as measured with a differential scanning calorimeter. 

17. The toner according to claim 1 , wherein said wax is an ester wax having estercompounds satisfying the following 
general formula: 

R 1 -COOR 2 

wherein R., and R 2 each represent a hydrocarbon group having 1 5 to 45 carbon atoms. 

18. The toner according to claim 17, wherein said ester wax contains ester compounds having the same number of 
carbon atoms in total, in an amount of from 50% by weight to 95% by weight. 

19. The toner according to claim 1, which contains an inorganic fine powder. 

20. The toner according to claim 1 9, wherein said inorganic fine powder has been treated with silicone oil. 

21. The toner according to claim 1 , which is negatively chargeable. 

22. The toner according to claim 1 , wherein said compound represented by 'Formula <A) is contained in an amount of 
from 0.1 part by weight to 10 parts by weight based on 100 parts by weight of the binder resin. 

23. The toner according to claim 1 , wherein said compound represented by Formula (A) is contained in an amount of 
from 0.6 part by weight to 5 parts by weight based on 100 parts by weight of the binder resin. 

24. The toner according to claim 1 , wherein said toner particles are obtained by subjecting a polymerizable monomer 
composition containing a polymerizable monomer, the wax and the compound represented by Formula (A), to 
suspension polymerization in an aqueous medium. 

25. The toner according to claim 24, wherein said compound represented by Formula (A) is added in an amount of 
from 0.1 part by weight to 10 parts by weight based on 100 parts by weight of the polymerizable monomer. 

26. The toner according to claim 24, wherein the compound represented by Formula .(A) is added in an amount of 
from 0.6 part by weight to 5 parts by weight based on 100 parts by weight of the polymerizable monomer. 

27. A process for producing a toner, comprising; 

a granulation step of dispersing in an aqueous medium a polymerizable monomer composition -containing at 
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least a polymerizable monomer, a colorant, a wax, a polymerization initiator and a compound represented bv 
Formula (A): ' 7 
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(A) 
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wherein R, and each represent a substituted or unsubstituted aromatic group, inclusive ol a condensed 
ring; R 2 and R 3 each represent a hydrogen atom, an alky I group, a substituted or unsubstituted aromatic group, 
inclusive of a condensed ring; M represents an element selected Irom B, Ti. Fe, Co, Cr, Al and Ni; and 
represents a cation, to form particles of the polymerizable monomer composition; and 
a polymerization step of polymerizing the polymerizable monomer present in theparticles of the polymerizable 
monomer composition to form toner particles; 

the reaction to polymerize the polymerizable monomer in the course of from the granulation step to the po- 
lymerization step being carried out while keeping the pH of the aqueous medium at 4.5 to 8.5, until the polym- 
erization conversion of the polymerizable monomer comes to be 10% or more; and 

the toner having shape factors SF-1 and SF-2 with a value of 100 < SF-1 < 160 and a value of 1 00 < SF-2 £ 140. 

28. The process according to claim 27, wherein said reaction to polymerize the polymerizable monomer in the course 
of from the granulation step to the polymerization step is carried out while keeping the pH of the aqueous medium 
at 4.5 to 6.0, until the polymerization conversion of the polymerizable monomer comes to be 10% or more. 

29. The process according to claim 27, wherein, after the polymerization conversion of the polymerizable monomer 
is made higher to 10% or more by the reaction to polymerize the polymerizable monomer in the course of from 
the granulation step to the polymerization step, the pH of the aqueous medium is adjusted to 9 to 13 to make the 
polymerization conversion still higher. 

30. An image forming method comprising: 

a charging step of applying a voltage to a charging member from the outside to charge an electrostatic latent 
image bearing member; 

a latent image forming step of forming an electrostatic latent image on the electrostatic latent image bearing 
member thus charged; 

a developing step of developing the electrostatic latent image by the use of a toner to from a toner image on 
the electrostatic latent image bearing member; 

a transfer step of transferring the toner image formed on the electrostatic latent image bearing member, to a 
transfer medium with or without intervention of an intermediate transfer member; and 
a fixing step of heat-fixing the toner image transferred to the transfer medium; 

wherein said toner comprises toner particles containing at least a binder resin, a^colorant, a wax and aoom- 
pound represented by Formula (A): 
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wherein R n and R 4 each represent a substituted or unsubstituted aromatic group, inclusive of a condensed 
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ring; R 2 and R 3 each represent a hydrogen atom, an alkyl group, a substituted or unsubstituted aromatic group, 
inclusive of a condensed ring; M represents an element selected from B, 71, Fe, Co, Cr, At and Ni; and X n + 
represents a cation, and said toner has shape factors SF-1 and SF-2 with a value of 100 < SF-1 < 160 and a 
value of 100 < SF-2 < 140. 

31. The image forming method according to claim 30, wherein, in said developing step, the surface movement speed 
of the toner carrying member at its developing zone is a speed of from 1 .05 to 3.0 times the surface movement 
speed of the electrostatic latent image bearing member. 

32. The image forming method according to claim 30, wherein the toner carrying member has a surface rouqhness 
Ra (ujd) of 1 .5 or less. 

33. The image forming method according to claim 30, wherein, in said developing step, the surface movement speed 
of the toner carrying member at its developing zone is a speed of from 1 .05 to 3.0 times the surface movement 
speed of the electrostatic latent image bearing member, and the toner carrying member has a surface rouqhness 
Ra (um) of 1 .5 or less. 

34. The image forming method according to claim 30, wherein a ferromagnetic metal blade is provided opposingly to 
the toner carrying member, leaving a minute gap between them. 

35. The image forming method according to claim 30, wherein a blade comprising an elastic material is brought into 
touch with the toner carrying member. 

36. Theimage forming method according to claim 30, wherein, in said charging step, the charging member is brought 
into contact with the electrostatic latent image bearing member to charge the electrostatic latent image bearing 
member. 



37. The image forming method according to claim 30, wherein, in said transfer step, the electrostatic latent image 
bearing member or intermediate transfer member comes into contact with a transfer assembly with intervention 

30 of the transfer medium. 

38. The image forming method according to claim 30, wherein said fixing step comprises heat-fixing the toner image 
by means of a heat-fixing assembly to which any offset-preventive liquid is not fed or which do not have any fixina 
cleaner. 7 * 



39. The image forming method according to claim 30, which has a toner reuse mechanism in which transfer residual 
toner remaining on the electrostatic latent image bearing member after said transfer step is collected by cleaning 
and the toner collected is supplied to a developing means to make the developing means again hold the toner to 
develop the electrostatic latent image formed on the electrostatic latent image bearing member. 

40. The image forming method according to claim 30, wherein, in said developing step, a toner layer formed of the 
toner carried on the surface of the toner carrying member comes into contact with the the surface of the electrostatic 
latent image bearing member to develop the electrostatic latent image. 

41 . The image forming method according to claim 40, wherein, in said developing step, transfer residual toner remain- 
ing on the electrostatic latent image bearing member after said transfer step is collected at the time the electrostatic 
latent image is developed. 

42. The image forming method according to claim 30, wherein in said toner the shape factor SF-1 is 100 < SF-1 < 150 
and the shape factor SF-2 is 1 00 < SF-2 < 1 30. 

43. The image forming method according to claim 30, wherein in said toner the shape factor SF-1 is 1 00 < SF-1 < 1 40 
and the shape factor SF-2 is 100 < SF-2 £ 120. 

44. The image forming method according to claim 30, wherein in said toner the ratio of the shape factor SF-1 to the 
shape factor SF-2, (SF-2)/(SF-1 ), is in a value of 1 or less. 

45. The image forming method according to claim 30, wherein said toner has an average circularity of from-0.920 to 
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0.995 and a circularity standard deviation of less than 0.040 in its circularity frequency distribution as measured 
with a flow type particle image analyzer. 

46. The image forming method according to claim 30, wherein said toner has an average circularity of from 0.950 to 
0.995 and a circularity standard deviation of less than 0.040 in its circularity frequency distribution as measured 
with a flow type particle image analyzer. 

47. The image forming method according to claim 30, wherein said toner has an average circularity of from 0.97O to 
0.990 and a circularity standard deviation of from 0.015 to less thanO.035 in its circularity frequency distribution 
as measured with a flow type particle image analyzer 

48. The image forming method according to claim 30, wherein in said toner a toner having an averagecircularity less 
than 0.950 in its circularity frequency distribution is in a content of 15% by number or less. 

49. The image forming method according to claim 30, wherein said toner has a weight-average particle diameter of 
from 4 um to 9 urn. 

50. The image forming method according to claim 30, wherein said toner has a coefficient of variation in number 
distribution, of 30 or less. 

51. The image forming method according to claim 30, wherein said toner has a toner fine powder having particle 
diameters of 4.00 um or smaller in number distribution in a content not more than 25% by number. 

52. The image forming method according to claim 30, wherein said toner has a weight-average particle diameter of 
from 4 u.m to 9 um, has a coefficient of variation in number distribution, of 30 or less, and has a toner fine powder 
having particle diameters of 4.00 u/n or smaller in number distribution in a content not more than 25% by number. 

53. The image forming method according to claim 30, wherein said toner has a weight-average particle diameter of 
from 4 u.m to 9 um, has a coefficient of variation in number distribution, of 25 or less, and has a toner fine powder 
having particle diameters of 4.00 pjn or smaller in number distribution in a content not more than 20% by number. 

54. The image forming method according to claim 30, wherein said wax is dispersed in the form of substantially a 
spherical or spindle-shaped island or islands in such a way that, when in cross-sectional observation of toner 
particles on a transmission electron microscope (TEM); 

(1 ) twenty planes of cross sections of toner particles having length R dim) satisfying the relation of 0.9 < R/ 
D4 < 1 . 1 with respect to weight-average particle diameter D4 (ujh) are picked up; and 

(2) each length r of the largest among phase-separated structures ascribable to the wax present in the cross- 
sectional plane of the toner particles thus picked up is measured; 

the arithmetic mean value of r/R, (r/R) st , thus determined satisfies: 

0.05 < (r/R)^ < 0.95. 

55. The image forming method according to claim 54, wherein the <r/R) st satisfies: 

0.25 < (r/R) st < 0.90. 

56. The image forming method according to claim 30, wherein said wax has a maximum endothermic peak at from 
50°C to 100°C at the time of temperature rise, in the DSC curve as measured with a differential scanninq calorim- 
eter. 

ss 57. The image forming method according to claim 30, wherein said wax is an ester wax having ester compounds 
satisfying the following general formula. 
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60. 



61. 



62. 



20 63. 



64. 



65, 



66. 



R 1 -COO-R 2 

wherein R, and R 2 each represent a hydrocarbon group having 15 to 45 carbon atoms. 

l^^?^° m ^ 9 T h06 3CCOrdin9 tC C,8im 57> Wherein said ester wax contains ester compounds having the 
same number of carbon atoms in total, in an amount of from 50% by weight to 95% by weight 

The image forming method according to claim 30, wherein said toner contains an inorganic fine powder. 

The image forming method according to claimS9, wherein said inorganic fine powder has been treated with silicone 

The image forming method according to claim 30, wherein said toner is negatively chargeable. 

JlSr" 1 " 9 ™*hod according to claim 30, wherein said toner contains the compound represented by 
binde^esfn ^ * * 10 m by WeiQht b3Sed on 100 parts b V w « j 9ht « 

S™^l/ 0rmin9 melh< ^ a f cordin 9 ^ claim 30, wherein said toner contains the compound represented by 
pZeri^ * fr ° m 0 6 P3rt ^ t0 5 ^ by Wel9ht « ^ height of the 

IIl e ft S f ° rmin9 meth0d aCCOrdin9 to claim »« ***** ^ner particles are obtained by subjecting a po- 
Sf! ,T,° mer COmpOSrt, °? Containin 9 a Po'ymerizable monomer, the wax and the compound represented 
by Formula (A), to suspension polymerization in an aqueous medium. «pr« 6 eniea 

The image forming method according to claim 64, wherein said compound represented by Formula (A) is added 
moTo^r 01 Part ^ W8i9ht 10 10 bV W6l9ht b3Sed ° n 100 * wei ^ oZ* pi^rSle 

The image forming method according to claim 64, wherein the compound represented by Formula (A) is added in 
mono m m°e U r ^ ^ * t0 5 ^ by ^ baSed ° n 100 partS by W «*ht ^!X22SE 
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